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By courtesy of ‘NUCLEAR POWER’ 


NO LESS THAN 84 BELLOWS 66” diameter and 36 
BELLOWS 42” diameter, all of butt-welded stainless steel 
manufacture, are being fitted at Trawsfynydd to take up 
movement in the CC2 cooling gas ducts. 

Teddington secured this order only after many exhaustive 
tests including an accelerated life test equivalent to 20 
years full operation. In addition, the larger size bellows 
were subjected to over-pressure tests of 1580 p.s.i.g. with- 
out developing a leak. Wherever pipe-work is subjected to 
vibration and movement in any direction owing to condi- 
tions of temperature and pressure, a Teddington bellows 
with a suitable end fitting will solve the problem. Write for 
full details of our range. 


TEDDINGTON AIRCRAFT CONTROLS LIMITED 


(INDUSTRIAL BELLOWS DIVISION), 
MMANFORD, CARMS. 


Made under Licence from the Solar Aircraft Co. California, U.S.A. 
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COVER PICTURE 
This month’s cover shows a 
caesium-137 probe being used 
for weld radiography, and a 

section of the source 
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Nuclear 


REACTORS - MATERIALS 


SPECIAL FEATURES 
ISOTOPES AND IRRADIATION 


Isotope production in the United Kingdom 


Mr R. West of the UKAEA’s Isotope Production Unit outlines the use 
made of Harwell's reactors 


Isotope production in France 


Completed only a few weeks ago Saclay’s new laboratory, described 
here by M. C. Fisher of the CEA, will enable France to meet increasing 
demands 


Current uses of isotopes and accelerators 
Mr D. Iggulden surveys the present position 


Industry and isotopes 
Mr S. Hollands discusses industry's reluctance to accept isotope 
techniques 

The use of electron accelerators in site radiography 


Following the development of the first linear accelerator for inspecting 
pressure-vessel welds, Mr R. F. Hanstock of the AEA Culcheth Labora- 
tory surveys the problems to be overcome 


Hot Laboratory and Equipment Conference 
Mr E. Edmonds of the AEA Dounreay Establishment reports on the 
papers presented at San Francisco 
Reactors in the Soviet Union 
In his first article for a technical periodical outside Russia, the head of the 
USSR’s Atomic Energy Committee, Prof. V. S. Emelyanov, gives new 
details of his reactor programme 
Special purpose analogue computer 
Designed for solving reactor equations, Mr W. A. Havranek and Mr T. M. 
Kieraus of Miles Electronics describe their new computer and compare 
results obtained by other methods 
Juggernaut for Argonne 
Similar to Argonaut, but with higher power operation and more experi- 
mental flexibility, ANL’s new reactor will be completed early this year 
Physical Society Exhibition—1961 
From the great number of scientific instruments shown by over 100 firms 


and 40 or more government-sponsored organizations, Nuclear Power 
reviews equipment of interest to the nuclear engineer 


REGULAR FEATURES 
Points from papers 
American Nuclear Society Winter Meeting, etc. 


Research and development 


Mullard's accelerator for Trawsfynydd; new 8 MeV Linac; lower cost UO: 
fabrication, etc. 


Letters 49 New Product Survey 
Editorial 51 Business News 
Worldview 53 Diary 

Cross-Section Gracchus 82 Industrial Literature 
Students’ Notebook 87 Book Reviews 
People 93 Index to Advertisers 


LOOKING FOR A JOB? SEE PAGE 127 AND ONWARDS 
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SAFETY EQUIPMENT 
FOR INDUSTRY 











Hand & Clothing Monitor 


Unit-built Hand & Clothing Monitors made by Mullard 
Equipment Ltd. are designed for the rapid detection of 
radioactive contamination on the hands and clothing; 
counting time for hands: 5 seconds. All units can be used 
simultaneously. Unit panel construction permits a variety 


of combinations to suit particular applications. 


Research & Control Instruments Ltd. offer you 
not merely a fine range of personnel safety equip- 
ments, but also the experience of a team of 
specialists. The equipments are adaptable to 
every requirement and supported by speedy, 


efficient servicing facilities. The specialist team 





Philips Gamma Alarm Monitor 


Type PW 4044. Designed to give positive warning should 
the amount of gamma radiation or X-rays in a particular 
working area exceed the normal background level. Pro- 
vides an inerpensive means of complying with the Draft 
Regulations relating to the use of sealed radioactive 
sources in industry. A 60 watt red lamp provides visual 
warning, and erternal devices may be connected, 


has behind it the accumulated knowledge of 
laboratories that have been concerned with the 
problems of radiation hazards since they were 
first appreciated some fifty years ago. All this is 
at your service to help solve your problems— 
just write or phone. 


isotopes to your specification 


Neutron sources for activation analysis of 
metals, and polymerisation of materials; target 
materials; pharmaceutical drugs labelled to 
your specific requirements; and sealed sources 
for calibration of spectrometers and measuring 
equipment, are available from the Philips’ 


cyclotron at Amsterdam. Your own materials 
can be irradiated. 

Specialist Engineers are available to discuss your 
requirements either in London or at your own 
works. (Overseas enquiries, direct please, to N. V. 
Philips-Duphar, Amsterdam, The Netherlands.) 


SOLE DISTRIBUTORS IN THE U.K. 


RESEARCH & CONTROL INSTRUMENTS LTD 


INSTRUMENT HOUSE -: 207 KING’S CROSS ROAD: LONDON : W.C.1 TEL: TERminus 2877 


(RCLOO40) 
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ew up-to-date DATA on 
URNAGE & STOVE INSULATION 





This new Data Sheet gives the factors required to 
calculate the savings in heat obtainable with Therbloc 
mineral wool insulation used either by itself or as a 
backing to refractories or insulating brick. Graphs of ‘K’ 
values and practical examples are included. 


TO STILLITE PRODUCTS LTD., 15 WHITEHALL, LONDON S.W.! 


th 
re. 

















Please send Therbloc Data Leaflet No. 5/60 | ps 
NAME | 
ADDRESS W 
Regd. Trade Mark | 
Just attach this coupon to your letterhead 
STILLITE PRODUCTS LTD., 15 Whitehall, London S.W.! Nuclear Power 
WHitehall 0922-7 and 23! St. Vincent St., Glasgow, C.2 CENtral 4292 — a iam ames ems es ess apes ass oo 
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Wherever information on fluid flow is required, 


the de Havilland ~POTTERMETER 


sets new standards of accuracy and reliability 





A 


AN The Pottermeter is a product of 
the engineering teams which have been 
responsible for the design, development 
and manufacture of de Havilland propel- 
lers and of the Firestreak guided weapon. 


Write now for further details to: 


This new turbine-type flowmeter enables major advances to be made 
in the techniques of flow measurement and control. The de Havilland 
Pottermeter is the only flowmeter which offers all these features: 


Contains only one moving part —no thrust bearings — operates with a minimum of 
maintenance at high temperatures and pressures 


Accuracy to + 0-1% or better on repetition work, + 0-5% or better over a 20-1 range. 
Calibration remains constant for a variety of liquids over wide flow ranges. 


No larger than the pipeline in which it is installed—may be mounted in any attitude. 


Can be supplied with indicating, recording and process control equipment — gives 
digital presentation of results. 


Can measure volumetric or mass flows. 


Models available to measure flows from 0-1 to 40,000 Imperial gallons per minute, at a 
wide range of operating pressures. Larger and smaller sizes made to order. 


Can measure flow of any liquid or gas, irrespective of its lubricating or 
non-lubricating properties, at temperatures ranging from —455°F to 1500°F. 


Manufactured as standard in stainless steel—can be made in any non-magnetic material. 


Rapid response rate permits transient flow studies. 


THE DE HAVILLAND AIRCRAFT CO. LIMITED 


HATFIELD, HERTS 
Member Company of the Hawker Siddeley Group 
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butterfly 
valves 

with oleo- 
pneumatic 

operation and 
automatic 
closing 




















* Asymmetric design of the blade enables valve to be 

used as a combined stop and non-return valve. The 
non-return characteristics are maintained whether 
or not the control cubicle is in use. 


* Blade design simplifies arrangement of the valve seating, 
contributing considerably to drop-tight sealing. 


Please write for 
* Flexible control system — opening and closing times descriptive literature 
easily varied. Valve can be made tocrack open, dispensing 
with a by-pass valve. Ld 
* Control cubicle is weatherproof. Can be used to operate 
valve by remote control. 














* Entire system built up of standard items. 





4 CO LIMITED 






These new butterfly valves VILLIERS HOUSE 41-47 STRAND 
maintain Boving's long-established LONDON WC2 
tradition of durability and long-term reliablity. 


P4788 
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standpipe closures 


advanced design backed. by unrivalled test facilities 





Adopted by major nuclear design groups, F.R. Standpipe Closures—prototypes of which are seen 
here under test—are the result of unrivalled design experience and test facilities in the nuclear field. 
Simple and foolproof, Standpipe Closures seal off the standpipes of reactors under load. They are 
suitable for top, bottom or side mounting in any radial position, and can be positioned or removed 
by a straight forward lower or lift. A pressure lock prevents the closure being removed until pressures 
above and below are equalised. Provision can be made for fitting control rod motors, flux scanning 
heads or hand winding drives which can be incorporated above, below or within the closure. 
Production versions of the F.R. Standpipe Closure are designed for most fluids at pressures up to 
700 p.s,i. (49.21 kg/om*) and temperatures up to 150° C. but development for higher duties is continuing. 


Now on order for 5 nuclear power stations 


Berkeley (A.E.1.—J.T.) 


FR services to the Nuclear Industry Hinkley Point (E.E.) 
Latina (N.P.P.C.) 


Trawsfynydd (A.P.C.) 
A.G.R. at Windscale(U.K.A.E.A.) 


Flight Refuelling Ltd -azrant RUSHTON AIRFIELD - BLANDFORD - DORSET - TELEPHONE: BLANDFORD 501 
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INSTRUMENTS 






ELAN — transistor ANALYSER 


A portable battery-operated instrument, 
suitable for testing PNP, NPN and Point 
Contact transistors, in the grounded emitter 
configuration. Provision is included for in situ 
measurements. The instrument is supplied 
complete with comprehensive operating in- 
structions, together with the AVO International 
Transistor Data Manual which provides test 
data for approximately 3000 transistors. 


Brief Specification: 


Range of Collector Voltage: 1-5V to 10-5V (up to I50V 
using external supplies) 

I'co: First indication 2uA 

Base Current: 0-1 mA, 0-40 mA 

Collector Current: 0-1A 

Beta: 0-25, 0-250 measured at | Kc/s 

Noise Measurement: 1-20, 21-40 dB 

Construction in general conforms with U.K. Inter-Service 

Spec. Ki14. 


ALANS ave cuaracteristic METER 


This instrument has been designed to test any 
standard receiving or transmitting valve having 
up to a maximum anode dissipation of 25W. 
Inter-electrode insulation, anode current, 
mutual conductance and ‘gas’ current can be 
measured, and by making a series of tests, 
complete families of curves may be plotted. 
Rectifiers and signal diodes are tested under 
suitable load conditions. A comprehensive data 
manual is supplied with the instrument, which 
operates from 100-120 volts and 200-260 volts 
50-60 c/s A.C. mains. 


Brief Specification: 


Range of Anode Voltage: 12-6 — 400 volts 
Range of Screen Voltage: 12-6 - 300 volts 
Range of Heater Voltage: 0-625 — 117-5 
Heater Current: 3A max. 

Anode Current: 100 mA max. 

Mutual Conductance: 0-1 — 60 mA/V max. 
Negative Grid Voltage: 0 — I00V in 9 ranges 
‘Gas’ Current: 2uA first indication 





REPAIR SERVICE 


Our fully equipped Service Dept. deals promptly 
with repairs to AVO Instruments, or if more 
convenient they may be sent to either of the 
following authorised AVO Service Agents:— 


Automac Ltd., Farnell Instruments Ltd. 
Throstie Grove Works, Light Industrial Estate, 
Gt. Egerton Street, York Road, 

Stockport, Cheshire. Wetherby, Yorks. 











A Write for fully illustrated brochures 

* 92-96 VAUXHALL BRIDGE ROAD - LONDON ~ S.W.1I 
cA \) Telephone: ViCtotia 3404 (12 lines) 
A MEMBER OF THE METAL INDUSTRIES GROUP OF COMPANIES 


ANY ® KT’ WD savocer wouse 


e 


velre2 
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Already proved at 
WINFRITH HEATH and HARWELL 
our highly skilled Welding 

and Fabrication services will 
undoubtedly be required 

on the MOON — 

until then 

all EARTH enquiries to :— 





for delivery, value and versatility 
PINNACLES HARLOW ESSEX HARLOW (Essex) 24652 (P.A.B.X.) 
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MODERN & COMPACT — Circular meter type 
case of only 64” diameter. Direct reading scale 
13” long. 

EASILY FITTED — Simple clamp mounting. Can 
be mounted at any normal angle, for example, on 


an upright or 
terminals. 

REALLY ROBUST. Sealed case houses printed 
electronic circuit; indicating pointer is driven by 
robust servo motor. Temperature sensing bulb 


sloping control panel. Robust 


is platinum resistance in stainless steel sheath 
tested to 2000 p.s.i. 

TRANSISTORISED ffor exceptional reliability. 
Operates from 12 volt battery or normal mains 
supply. 

REMOTE OPERATION. Indicator can be a few 





feet or 300 feet away from the temperature 
measuring point — no adjustments required. 

73 TEMPERATURE RANGES available between 
-200° and +850°C with dials accurately calibrated 
in °C or °F. Temperature spans as short as 50°C 
or 100°F. 

ACCURATE & RAPID RESPONSE. Reproduces to 
within 0.2°C on shorter temperature ranges to 
within 0.6°C on a 500°C span. Pointer will 
traverse whole range within 1 second. 

LOW COST — electronic accuracy and stability 
at a fraction of its previous cost. Write for price 
list or telephone for quotation Wythenshawe 
(Manchester) 3251. Trafalgar (London) 3154, 


Walsall 28343, Stockton 68617 or Craiglockhart 
Edinburgh (A. R. Bolton & Co. Ltd.) 5235. 


BIKINI’ 


REG'D 


TEMPERATURE 


ie 


Send for Specification Sheet BIK 2/HP & Price List 
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Temperature indication up to 300 ft 
from measuring point, using 
inexpensive electric cable. 
Calibration and speed of response 
unaffected by cable length. 

s 





FIELDEN ELECTRONICS LTD - WYTHENSHAWE - MANCHESTER 
Phone: Wythenshawe 3251 (4lines) Grams: Humidity Manchester 
ALSO AUSTRALIA, ITALY AND CANADA 

Branch Offices: London, Walsail, Stockton-on-Tees, 

Edinburgh (A. R. Bolton & Co. Ltd) & Dublin 
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SULZER 


ee forthe NUCLEAR PROGRAMME 


1. CHAPELCROSS 


8 Boiler Feed Units each rated for an output 
of 650,000 Ibs./hr. for Chapelcross. 





2. DOUNREAY 


3 Vertical Cooling Water Pumps each rated for an 
output of 6,925 gals./min. against a total head from 
all causes of 93 ft. 

| Vertical Auxiliary Pump to deliver 1,670 gals./min. 
against a total head of 89 ft. 





seiaeaaed 
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3. WINFRITH HEATH 


6 motor driven multi-stage highlift pumps for special 
circulating duties and rated for outputs of 250/650 
gals./hr. against heads of 500/530 ft. 


4. WINDSCALE 


3 Vertical Cooling Water Pumps each rated for an out- 
put of 13,600 gals./min. against a total head of 71°5 fet. 


SULZER BROS. (LONDON) LTD. 


incorporating Hathorn Davey & Co. Ltd. 


31 Bedford Square, London, W.C.1 
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A Top Quality RAK... 


Alfred Imhof Ltd. 














At Rock Bottom PRICE ! 


6 feet Multi-Bay IMRAK at £27.1.8 per bay. And there is 
a Quantity Discount reduction to £25.9.2 each by the 100. 


Complete six-bay rak as illustrated with hinged and quick re- 
lease rear doors and detachable side panels —only £169.0.11. 


Fitted with strong yet elegant side doors on ‘lift-off’ con- 


cealed hinges—£174. 18. 3. 


Imhofs new Imrak International Rak is a completely 
universal flexible rack system. It can carry British, American 
and Continental fixings. It packs flat for easy storage 
or transportation. There are five standard types, each 
made in four different heights and four different plan 
sizes—a choice of 80 different standard racks in this 





new series! There is a choice of normal front panels, 
one piece front panel or recessed front panels with removable 
door. Skilful design ensures an elegance of appearance 
that enhances but does not dominate the instruments. The 
standard hammertone finishes are ideal for reliability and 
long service; other finishes are available to special order. 


Dept N. 2, Ashley Works Gowley Mill Road Uxbridge Middlesex England Uxbridge 37/23 


London Showroom: 112-116 New Oxford Street London WC1 MUSeum 7878 





IMHOFS AGENTS OVERSEAS 
Algeria: E.G.E.E. 
Paris (19) 
Australia: Aladdin Industries (Pty) Ltd 
Stanmore NSW 
Beigium: Rogelec, Ghent 
Canada: Measurement Engineering Ltd 
Arnprior 
Denmark: Tage Schouboe 
Copenhagen 
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Finland: Oy Scienta Ab, Helsinki 
France: E.G.E.E. 

Paris (19) 

Germany: Sunvic Regler GMBH 
Solingen—Ohligs 

Holland: j. Th. van Reijsen, Delft 
Italy: Stuart Culley, Milan 

Mexico: Aluminio Arquitectonico S.A. 
Mexico D.F. 


Paris (19) 


Lisbon 


Johannesburg 
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Morocco: E.G.E.E. 


New Zealand: Imarex Ltd, Auckland C3 
Norway: Birger Christensen, Oslo 
Portugal: Projectos e Construcoes Lda. 


South Africa: Switchcraft ( Pty) Limited, 


Sweden: Electroniund AB, Malmo C 
Switzerland: Walter Blum, Zurich 2/39 
Tunisia: E.G.E.E. 

Paris (19) 

U.S.A.: Bud Radio Inc, 

Cleveland 3, Ohio 

British Guiana: 

Davsons Caribbean Agencies Ltd, 
Georgetown 
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TYPE 


AWE 


144/5 
ELECTRO-HYDRAULIC 
SERVO VALVE 





Diaphragm 


The valve — see diagram — consists of a main valve and 
a pilot valve. The main valve is supplied with pressure oil 
through ports A and B. When the spool is in the central 
position — as shown—the oil escapes through the 
tapered slots to the opposed jets C and D in the pilot valve 
and impinges on each side of the diaphragm. The two 
coils can be energised to attract the diaphragm towards 
one or other of the jets. If the signal to the right hand coil 
is the stronger, the diaphragm will flex to the right, 
oa 4 ed ae restricting the flow from the right hand jet and thus 
ee increasing the pressure in that line. Similarly, the pressure 
in the left hand line is reduced. This pressure difference 

is transmitted to the main valve and causes the spool to 

move to the left until the resultant decrease in discharge 

area of the tapered slot at the right hand end of the spool 

and the increase in that at the left cause equilibrium to be 

restored. The displacement of the spool uncovers ports 

E and F, thus opening pressure and return lines to the 

To Hydraulic Machinery hydraulic machinery. 


























ARMSTRONG WHITWORTH EQUIPMENT _unucctecore, GLOUCESTER - TELE: GLO 66781 
SIR G. W. ARMSTRONG WHITWORTH AIRCRAFT LTD., A MEMBER OF THE HAWKER SIDDELEY GROUP 
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One of the widest ranges 


in the world 
AUTOMATIC CONTROLS LTD 


FOR GAS, 





H DOL/TW VALVE. 

Suitable for fuel oil, changeover, 
or recirculating applications. 
3-way, pneumatic or hydraulic 
control 4” to }” B.S.P. 


















WE HAVE 
THE ANSWER TO 
MANY INDUSTRIAL 





Whatever the application, whatever the medium or operating temperatures 
the Black range of solenoid or diaphragm operated valves and 
pressure switches can find a place in your control lines. 








Black Automatic Contro’s Limited 


LEAFIELD, CORSHAM, WILTS Tel: Hawthorn 376-7 


A Member of the Elliott- Automation Group 
Ba/2 
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A speck of dust !/ 10,000 





of a millimetre in size has only 







one chance in 10,000 of getting 


past this Vokes ‘Absolute’ Filter 








...and that’s guaranteed 


Vokes ‘Absolute’ high temperature filters were developed for critical 
applications involving risk of fire, or temperatures up to I000°F. 
They have proved particularly valuable in the filtration systems of 
nuclear power stations where a breakdown caused by an outbreak of 
fire might release dangerous toxic particles to atmosphere. 

















A These filters have a guaranteed minimum efficiency of 99-99% against 
particles in the 0-1 to 0-5 micron range: therefore impurities in the air 
ranging in size from a ten thousandth of a millimetre to a two thousandth 
of a millimetre have only one chance in ten thousand of passing through 
the high temperature ‘Absolute’ all glass paper filter medium. 











Other filters in Vokes ‘Absolute’ range In addition Vokes guarantee the accuracy of these figures. As with all 
include the standard type (guaranteed Vokes ‘Absolute’ filters, every high temperature type is tested in 
99-95% efficient against sub-micronic parti- accordance with BSS 2831 on a methylene blue test rig and rejected if 
cles) and high humidity and acid resistant its efficiency is below the required standard. 

types (guaranteed 99-99% efficient against You are invited to write for a booklet covering the range of Vokes 
sub-micronic particles). special purpose air filters and containing details of Vokes unique 


testing methods. 


leave absolutely nothing to chance 


VOKES LIMITED - HENLEY PARK - GUILDFORD - SURREY 


Telephone: Guildford 62861 (6 lines) Telegrams: Vokesacess, Guildford, Telex. Telex: 8-535 Vokesacess, Gfd. Represented throughout the world 
V.550 
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CARBON 


There’s nothing quite like it... 





... that’s the beauty of it 


Look at these advantages — Light as aluminium. High a 
resistance to wear. Wide range of resistance to chemical attack. 
Easily machined. High thermal conductivity. Excellent heat radiation. 
Not wetted by molten metal or slags. Non-seizing. Self-lubricating. 
High resistance to thermal shock. Good mechanical strength at high 
temperatures. Good electrical conductivity. Available in impervious 
forms. Low thermal expansion. J 

These properties give Morganite Carbon vast potentialities for the 
design engineer. Talk them over with our technical staff. 

The illustration shows a Rectifier Control Grid, a Rectifier Anode, a Boat, 
a Bearing, two Gland Rings, a Piston Ring, a Tube and a Valve Anode 


—just a small selection of products showing the remarkable versatility 
of Morganite Carbon. 


CARBON AND GRAPHITE— ELECTRICAL, CHEMICAL 
M ‘@) R A N AND MECHANICAL; CRUCIBLES, FURNACES, 
REFRACTORIES; RADIO PARTS, SINTERED METAL 


PRODUCTS AND ELECTRIC FURNACE ELEMENTS. 





THE MORGAN CRUCIBLE COMPANY LTD., BATTERSEA CHURCH ROAD, LONDON, S.W.IIL. BAT: 8822. 
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BOLT-FIXINGS BEFORE YOU 
POUR=NO HOLES TO BORE! 


When bolt-fixings are required in con- 
crete, and their location is known before 
the pour, Rawlplug Cement-in-Sockets 
will save you a great deal of time and 
trouble. The Cement-in-Sockets are 
attached to the inner face of the shut- 
tering prior to pouring. When the con- 
crete has hardened, the shuttering is 
struck leaving the Cement-in-Sockets 
in predetermined positions. 


KEYED FOR STRENGTH 


Rawlplug Cement-in-Sockets are made 


of malleable iron and shaped with four 
side fins and flanged base to ensure a 
strong permanent fixing. The key thus 
provided is so efficient that the strength 
of the fixing is determined by the 
strength of the concrete itself! Rawl- 
plug Cement-in-Sockets are available 
for Whitworth bolts or set screws dia- 
meters from }” to 1”. 

Write now for full details of Rawlplug 
Cement-in-Sockets. Advice as to their 
application to your special needs gladly 
given without obligation on your part. 
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SOME IMPORTANT USES FOR 
RAWLPLUG CEMENT-IN-SOCKETS 
—when moulding post or pre-tensioned 

concrete members. 

—when pouring floors to which false 
ceilings are to be fixed. 

—for providing ready-made bolt-fixings 
for partitions, pipe runs, ventilating 
ducts, heating units, handrails, cable 
racks, etcs; when constructing lift shafts, 
stairways, bridges, tunnels, sea walls, etc. 

































CEMENT -IN-SOCKETS 


one of the 23 different types of Rawlplug Fixing Devices for speed and strength 


THE RAWLPLUG CO LTD: CROMWELL ROAD:-LONDON SW7 
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Fuel elements for the FR-2 research 
reactor at Karlsruhe awaiting 
delivery at NUKEM'S Wolfgang plant. 








The 3,000 ton per day Nordic uranium concentrating 
plant of Rio Algom Mines Limited, Canada. 


ROPE 


Rio Tinto has joined forces with the leading German metallurgical 
group, Deutsche Gold- und Silber-Scheideanstalt vormals Roessler 
(Degussa), to form NUKEM—Nuklear-Chemie und -Metallurgie Gesell- 
schaft m.b.H. 

NUKEM has taken Over the research and prouuction programme of the 
Degussa Nuklear Gruppe, covering a wide range of uranium and thorium 
processing and fabricating activities related to the nuclear power 
programmes of a number of countries. 

NUKEM is co-operating closely with Rio Tinto’s Canadian uranium 
mining interests and with Rio Tinto Dow Limited, a company specialising 
in uranium and thorium processing. 


Nukem—Nuklear-Chemie und -Metallurgie Gesellschaft m.b.H., Wolfgang bei Hanau (Main) 
Rio Tinto Management Services (U.K.) Limited, Barrington House, 59, Gresham Street, London, E.C.2. 
Deutsche Gold- und Silber-Scheideanstalt vormals Roessler (Degussa), Weissfrauenstrasse 9, Frankfurt (Main) 
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DAVID 
BROWN 


announce 
their appointment as concessionaires 
for Great Britain and The Commonwealth 
for the 
KNAPP MILLS PROCESS 
of lead cladding of Copper, Aluminium, 


Carbon Steel and Stainless Steel for 


shielding against corrosion 





and radiation. 


THE DAVID BROWN 
CORPORATION (SALES) LTD. 


JACKSON DIVISION : SALFORD WORKS 
HAMPSON STREET - MANCHESTER 5 
Telephone: Blackfriars 3577 (4 lines) 
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Baten. 


LEAKAGE | 


be stopped 


eetit 
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(}flexibox ad 


< Positive prevention of gland 
mechanical seals en ee ee 


leakage is infinitely better than 
r F trying to cure its effects. 
Potentially dangerous leakage 


from pumps, blowers, 


oad 


compressors and other rotary 
shaft equipment can be 
efficiently prevented by fitting 
mechanical face-type gland seals. 
Our wide experience of sealing 
equipment handling all kinds of 
fluids—including radioactive 


~ J 4 materials—is at your disposal. 


; If you haven’t already got 
{ eee | our design data on your files 
we suggest you write now to:— 


FLE XIBOxXx LI MITED Head Office and Main Works: 


NASH ROAD « TRAFFORD PARK *» MANCHESTER 17 
Telephone: Trafford Park 1477 Telegrams: Flexibox Manchester Telex 

2 ee eee. Sae es © Branch Factory: BALLYMENA * CO ANTRIM : NORTHERN IRELAND 
Telephone: Ballymena 6424 Telegrams: Flexibox Ballymena Telex 

London Office: 74 JERMYN STREET * LONDON S.W.1 

Telephone: Whitehall 8411 Telegrams: Flexibox London Telex 


Agents and representatives in all parts of the world 
Patents granted or applied for in all principal countries 





In the U.S.A.. and Japan: SEALOL INC. In Germany: FLEXIBOX G.m.b.H. In France: FLEX'BOX S.A, 
PROVIDENCE SCHIELESTRASSE 45 38 RUE DE TREVISE 

RHODE ISLAND FRANKFURT/MAIN-OST PARIS 9 
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We will be pleased to advise on any 
protection problem which you 

may encounter and are able to 
supply consistently pure, void 

free lead in the form of shielding, 
bricks, fillings, isotope containers 
and irradiated fuel element casks. 








with 


ENTHOVEN 








H. J. ENTHOVEN & SONS LIMITED. 
Smelters at Rotherhithe, London, and Darley Dale, Derbyshire. 


150 years experience of smelting and refining non-ferrous metals. 


Head Office : 

Dominion Buildings, South Place, London, E.C.2. 
Telephone : MONarch 0391 

Grams : Enthoven Phone London 





Contractors to the UNITED KINGDOM ATOMIC ENERGY AUTHORITY 
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THIS one 


raised the roof 


Fabrications in unusual shapes and sizes 
are Marston’s speciality — fabrications 
like this aluminium brass end seal for a 
heat-exchanger at the National Gas Tur- 
bine Establishment.* It was so big that we 
had to remove part of the roof in one of our 
erecting shops — but that kind of thing is 
all in the day’s work for us. If you’re con- 
templating engineering, chemical petro- 
leum or nuclear power plant that calls for 
components tO unusual specifications, 
consult us at the design stage: our experts 
can contribute much to the smooth, speedy 
and economical execution of your plans. 


Process plant: Bursting discs 
Pressure vessels - Heat-exchangers 
Pipework-Special-purpose machines 
in aluminium, titanium and other non- 
ferrous metals. 


* Made for :—National Gas Turbine Establishment. 


MARSTON EXCELSIOR LIMITED 
A subsidiary of Imperiai Chemical Industries Limited 


Fordhouses, Wolverhampton 
MAR.2R1 
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L»zBOUR 
2- way wines 


type Impey, 





or 


exous clearance, 





( 


PM. ‘ 





These features of LABOUR 
pumps ensure the ability 

to handle dirty liquids 

and liquids entrained with 
gases or vapours; enable 
pumps to handle 

all types of liquids, 
effluents and slurries. 








The most non-critical pumps in the world 


# 


NO CORROSION | te 


* - 


originators of the first 
A practi¢al self-priming pump 


BRITISH LaBOUR PUMP CO LTD 
Blundeli St London N7 Telephone: North 6601-5 Grams: Laboupump London 











P4319 
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y For General 


Vola ter kakeli mama 


MILD STEELS, 
STAINLESS STEELS, 


and 


ALUMINIUM 
ALLOYS 








WE ALSO SPECIALISE IN 
DISHED AND FLANGED ENDS 
MAX.DIA.24" MAX. THICKNESS 2” 
Made to suit Customer's a 
inspection requirements from BSi4¥ien 
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Many aspects 
— many uses 





















DORALUMIN 


REGO. TRADE MARK 





BXTRUSIONS, LARGE FORGINGS, PLATE, SH 
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Many qualities in addition to lightness 
and strength make aluminium an important 
metal in nuclear progress. 

Its uses include rod cladding, heavy 

water tanks, cooling tubes surrounding 
fuel rods, glove boxes, thimbles for 
radiation experiments, cyclotron windings 
and enriched uranium-aluminium alloys. 
James Booth supply high-quality 
aluminium and aluminium alloys in a 
wide range of wrought forms for 

nuclear applications. 


JAMES BOOTH ALUMINIUM LIMITED 
KITTS GREEN, BIRMINGHAM 33. Jel: Stechford 4020 


EET, STRIP AND TUBES IN LIGHT ALLOYS 


toalieci7e 
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Experience pounded originally in 1823 the 
Company has had the widest experience in the design and 
manufacture of all types of equipment for the handling of 
air and other gases. Blowers, exhausters, heaters, filters, dust 
and fume removal equipment, and of course, fans of all types, 
fall within this wide scope. Fans of every size and for every 
purpose, from Coal Mines to Aircraft Carriers, have been 
designed, manufactured and tested by Keith Blackman and 
installed in all parts of the world—experience unparalleled in 
the field. 








Research keith Blackman’s lead in design is 
maintained by five separate research departments. Specialised 
facilities are available at Tottenham for the development and 
testing of axial fans, centrifugal fans and filtration equip- 
ment, while a metallurgical laboratory controls the quality 
of materials founded at Arbroath. Tottenham also possesses 
one of the most advanced acoustics laboratories in the world 
for the investigation of sound levels in all types of fan engin- 
eering equipment. 

In addition, the company’s generating station, as well as 
supplying power to the factory, is designed to produce a wide 
range of A.C. and D.C. supplies for the test beds. 








Range The Keith Blackman range covers virtually 
every type of fan and blower in all sizes—axial types from 5 
inch to 100 inch diameter, centrifugal types ranging from 
1} inch to 180 inch, and propeller fans from 6 inch to 72 inch 
diameter. Much equipment is designed for clients’ specific 
requirements involving, frequently, the use of special mater- 
ials including pvc. Other equipment is made for heating, 
cooling, washing, dust and fume extraction, filtration and air 
conditioning. Five thousand fans of varying types are kept 
continuously in stock for quick delivery. 





[andes tia Gl tie dade 
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Resources me company’s three factories 
cover an area of 17} acres, and employ over 1,800 people. The 
main Tottenham works produces small and medium units and 
includes drawing offices, test facilities and machine shops, as 
well as the sales and administration offices. 

The Arbroath works deals with the production of the larger 
fans. Its iron and non-ferrous foundry plant supplies the whole 
of the company’s casting needs. 

The Edmonton Factory concentrates on light sheet metal 
and plate work and the fabrication of steel structures. 
Virtually all components, including fan motors and bearing 
housings, are thus designed and manufactured within the 
organisation—a unique combination of resources. 








Service Through the years the company has 
built up an enviable reputation for service at all stages. 
Sales representatives are all fully trained technical men 
capable of giving ‘on the spot’ advice on routine applications 
or special problems. The sales organisation operates from 
branches throughout the country backed by a staff of qualified 
sales engineers at Head Office. 

Despatch of stock items, of which 5,000 units are kept 
continuously available, is possible in as little as four days. 
The Company has its own road transport fleet and direct rail 
connections from the main factory. 


' 
' 146 
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Low neutron capture 
cross section 


High apparent density 
Good strength 


Ease of machining 


Nuclear grades of ‘‘Acheson’’ Graphite have now 
been supplied in considerable tonnages to the United 
Kingdom Atomic Energy Authority for Calder Hall A 
and B Reactors, Chapelcross, and for the new Atomic 
Stations now in construction by the Nuclear Power 
Consortia Companies. There is no doubt that the 
very high quality and moderating efficiency of 
‘““Acheson”’ Graphite have been thoroughly proved 
by full scale performance in present working Reactors. 


British Acheson Electrodes Limited, of Grange 
Mill Lane, Wincobank, Sheffield, have manufactured 
and supplied more nuclear graphite than all other 
Companies in the world. 


ACHESON 


TRADE MARK 


GRAPHITE 


The term ‘ACHESON’ is a registered trade mark 
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THERMAL INSULATION BY| Newallis 















Throughout the years Newalls have 
built an enviable reputation in 
the insulation of conventional 
power stations. This specialised 


HINKLEY POINT 


C.E.6.B. NUCLEAR POWER STATION 
At Hinkley Point, Newalis nave 
peen entrusted with the insulation 
of the reactors steam ratsing 
units, gas ducting integra 
piping. etc.. under contract to 
Babcock and Wilcox Ltd 


experience is now being drawn 
upon on an ever growing scale in 
solving the complex problems of 
Nuclear Power Development. 
Recent contracts in this 
field reflecting Newalls 
supremacy are:— 





CHAPELCROSS 
UK.A.E.A, MUCLEAR POWER STATION 
Under contract to Babcock 
and Wilcox Ltd., Newalls have 
carried out the insulation 
of the 16 steam raising : . , 
units and integral piping. The Ss Seo 
insulation of turbines, 
blowers, associated auxiliary 
equipment and piping has 
been carried out under 
contract to C. A. Parsons and 
Co, Ltd. 


BRADWELL 

C.E.6.B. NUCLEAR POWER STATION 
At Bradwell-on-Sea a further 
large contract for the 
thermal insulation of 
.urbines, associated auxiliary 
equipment and piping (main 
and auxiliary turbine plants) 
has also been placed by 
C. A. Parsons and Co. Ltd. 

with Newalls. 
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NEWALLS INSULATION COMPANY LIMITED 


WASHINGTON, CO. DURHAM. 
A member of the TURNER & NEWALL ORGANISATION. 


Offices and Depots at: 
LONDON. GLASGOW, MANCHESTER, NEWCASTLE UPON TYNE, BIRMINGHAM, 


BELFAST. DUBLIN. BRISTOL and CARDIFF Agents and Vendors in most markets abroad 


Head Office: 
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PNEUTOMATION 


power al 
in its place 


Power delivered economically 
and accurately to the 

place where you need it — 
that is the function of Lang 
Pneumatic Control equipment. 
It can be used to control 

any processes or sequence 

of processes; with Lang 
Pneutomation in charge, 
production rises and quality of 


output is maintained. 


Lang Pneumatic Control equipment 
is available “‘off the shelf ”’ for 


inexpensive installation. Plan with 





Lang Pneumatic for efficient production. 


PNEUTOMATION CANNOT FORGET 


PNEUTOMATION 





ENERGY UNDER CONTROL 


Says Mr. Squinch: 

If work is slow—and your 
production’s static 

No need to fish around for clues, 

just write to Lang Pneumatic. 


Write to: 


Lang Paewmatic Ltd 





———. WITH TH DESOUTTER BROS: Roses. ns 
ee 
OWEN ROAD - WOLVERHAMPTON Pa Tel: Welverhombiben 25221-2- 3-4 
p Telex No. 331937 . 
Ww « oo gp ww 


P.3640 
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Sections of a “Jason’’ reactor recently completed for the 
Hawker Siddeley Nuclear Power Co. Ltd. 






GRAPHITE 
MACHINING 


Powell Duffryn Carbon 
Products Limited — 
the leading machinists 


of Nuclear Graphite. 


Official Graphite machinists for the 
General Electric Co. Ltd. Current 
contracts cover important work at: 
Hunterston, Berkeley, Bradwell; also 
for Hawker Siddeley Nuclear Power Co. 
and U.K. Atomic Energy Authority. 


POWELL DUFFRYN CARBON PRODUCTS LTD 


NUCLEAR GRAPHITE DIVISION 
Hayes, Middlesex. Telephone Hayes 3994 





NUCLEAR POWER February 1961 Circle No 31 on reply card for further details 33 











hector 


a new zero-energy nuclear reactor 





for the United Kingdom Atomic Energy 


Authority's establishment at 


WINFRITH HEATH 


Design and construciion by 


FAIREY ENGINEERING LTD 


Heston - Middiesex and Stockport - Cheshire 


A subsidiary of The Fairey Company Limited 


TEETH 
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The integrity of a can is vital in many fields, but in 
none more so than nuclear engineering. The present 
generation of nuclear power stations will make extensive 
use of canning materials developed and produced by MEL. 
They will help to ensure the safety and maintain the 
economic performance of this vital new source of energy. 


MEL have also developed techniques for the separation of 
zirconium and hafnium and for the production of vanadium 

and can supply: 

Zirconium compounds with a hafnium content down to 100 p.p.m. 
Hafnium compounds with a zirconium content of 2% 

High Purity Vanadium Metal 


Magnesium Elektron Limited 


Clifton Junction Manchester Swinton 2511 
London Office: 5Charles II Street St. James’s SW1 Trafalgar 1646 
Magnesium Elektron, Inc., New York 20, USA 
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<a ot MULLARD LIMITED Government and Industrial Valve Division 


Mullard} 
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time 
and : 
transit | 
time . 


Mullard , vs 





Mullard House - 


GOVERNMENT AND for 
INDUSTRIAL VALVE DIVISION ~~ 


Torrington Place - London - WC1 Telephone: LANgham 6633 
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illimicrasegonds 


The 56AVP Photomultiplier is acknowledged to be the most advanced of its kind in 
the world. The width of the output pulse delivered by the 56AVP is as little as 
2 millimicroseconds at half height, and the rise time is of the same duration. Another 
exceptional characteristic of this most exceptional photomultiplier is a high peak 
output current of 1A, linear up to 300 mA. 


rkable range of Photomutltipliers 
The 56AVP is, in ‘act, an outstanding member of a distinctly outstanding range — the thirteen 
Mullard photomultiplier tubes, all of them providing unsurpassable performances, some of 
them unequalled in the world. 
This range covers the spectrum from ultra-violet to near infra-red and three of the tubes 
incorporate a unique focused dynode system, providing their excellent transit time spread 
and rise time. 
These tubes were introduced only after the most intensive development programme. In 
particular, the construction, arrangement and mounting of the secondary cathodes have been 
the subject of exhaustive studies aimed at producing a multiplier system giving a high current 
gain, minute dark current and minimum variation of electron transit time. 


many applications 


Employment in scintillation counting and gamma spectroscopy are but two of a very broad 
range of applications in which these tubes are used. 


is so much to be said... 
about the 56AVP and the other twelve tubes in this range that you can gather all the 
necessary information only by studying the Mullard data sheets which will gladly be sent on 
request. Write now for these and for any further details concerning the Mullard photomultipliers 
and their applications. Here are brief details of the complete range 















51UVP Eleven stage tube with 
32 mm diameter photocathode 
and quartz end window to give 
sensitivity to ultra-violet. 


56AVP Fourteen stage tube with 
focused dynode structure giving rise 
time and transit time spreads of 

2x 10-9 s. 42 mm diameter 


h } 
52AVP Ten stage tube of 25mm snenauiae 


outside diameter and with 20mm 56UVP As 56AVP but with quartz 
diameter photocathode. end window. 


53AVP Eleven stage tube with 57AVP Eleven stage tube with large 
44mm diameter photocathode for photocathode 200 mm in di _— 
use in gamma spectroscopy. 


S3UVP As 53AVP but with 


58AVP Fourteen stage tube 3 
110 mm diameter photocathode. This 


quartz end window to give 
sensitivity to ultra-violet. 


54AVP Eleven stage tube with 
111 mm diameter photocathode 
for flying spot scanners. 


NUCLEAR POWER February 1961 


tube has a tetrode input system 4 
giving spreads in transit time over 
photocathode of 10-9 s. 














150AVP General purpose ten stage 
tube with 32 mm diameter 
photocathode. 


150CVP As 150AVP bat with a 
photocathode sensitive to infra-red 


radiation up to 1.2 u. 4 


153AVP Eleven stage t 
use with scintillation c 
a resolution of less tha 
with Cs137, 


FP) MVTD404 
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ARE YOU AWARE THAT 







WESTON 


Regd. Trade Mark No. 763106 


OPLIT SEALS 





CAN BE RE-CONDITIONED AND 


USED INDEFINITELY ? 


re ee ae ne? a 





CHARLES WESTON & CO. LTD. 


irwell Bank Works, Douglas Green, Pendleton, Salford 6. 
Telephone: Pendleton 2857-8-9 Telex: 66-255 
Birmingham: Erdington 5459 London: Holborn 0414. Telex: 2-2682 
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and special applications of tubes in a variety of metals... 





No. 13 OF A SERIES BY ACCLES & POLLOCK 


Austenitic stainless steel fuel ele- 
ment can, 1.004” + .OOoI” inside 
diameter x .0o1§” wall thickness. 
The three fins are .o80” high and 
.O15” wide and spirally twisted 
360° in 24 inches length. 


Tube with 8 internal equi-spaced 
ribs, 2.375” outside diameter x 
.175” body wall thickness. 


Each fin .325” high. 





Mag x 2050 


| 
l | 
| | 
| | 
| | 
| | 
| | 
| | 
7 | 
| | 
| | 
| 
| | 
| | 
| This is a photomicrograph of a | 
| cross section of the smallest | 
| seamless tube in the world, mag. l 

| x 2050. The actual size of the 

} | tube is 0.000733” 0/d x 0.0001” | 
| id. | 
| The following comparisons will | 
| convey some idea of the size:— | 
7 | 
| 
l | 
l | 
l | 
| | 
| | 
| | 
| | 





The outside diameter is only one 
quarter the size of a human hair. 
One hundred and twenty miles 
would weigh only one pound. 

A bundle of 250,000 such tubes 
could be placed inside an average 
sized wedding ring. 





One ton would reach from the 
earth to the moon with a few 
thousand miles to spare. 


Designers have a habit of asking for the impossible, but in a 
surprising number of cases Accles & Pollock produce an answer A l &L 
that enables the production people to translate the concept on the 61 6 es 

drawing-board into a physical, functional form. Accles & Pollock 


welcome all such opportunities to co-operate in developing new 
applications in the form of tubes and tubular sections. 


Pollock 


Technical Information Sheets discussing tubes and their applications are available on request. 


ACCLES & POLLOCK LIMITED OLDBURY - BIRMINGHAM .-« A @ COMPANY 
Makers and manipulators of COLD DRAWN SEAMLESS and WELDED PRECISION TUBES in carbon and alloy steels, 


including stainless steel, and other metals. TBW 308 
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WORLD'S 


NUCLEAR REACTORS 
FOR RESEARCH AND 
TRAINING 







Pye already make a 
wide range of electronic 
equipment and scientific 
instruments for 
education and research. 








Pye already make 
remote control 
devices and 
television 
cameras 
for nuclear 
projects. 























Manufactured by Pye, the outstanding 
AMF series of low-power reactors and 
related equipment will be available to 
Universities, Hospitals and Research 
Centres throughout the U.K. and Eire. 

The result of an agreement between 
the American Machine and Foundry 
Company, and Pye Limited of Cambridge, 
this means a new extension of Pye’s well 
known activities in the education and 
research fields. 

The reactors will be backed by both the 
specialised know-how and experience of 
AMF, and all the technical knowledge 
and manufacturing skills of the Pye 
organisation. In addition, important com- 

] y equip is lable from 
Pye, including remote control facilities, 
closed circuit television, electronic devices 
and scientific instruments. 















P Ye Liemigfrtreos oF CAMBRIDGE 
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Stainless 
Steel 
Forgings 









VJ 











| ) : 
. 5 ag 








serving Atomic Energy, Aircraft and Oil industries 
Manufactured to any British or U.S.A. Standard Specification 
Supplied as Forgings only or Fully Machined in Modern 
Machine Shops on approved lists of A.I.D., A.R.B. and LLOYDS. 
William Ox| 
& Co, Ltd, 
PARKGATE STEEL WORKS - ROTHERHAM 
telephone Rotherham : 5238 
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Skate on the thinnest ice: step on the conductor rail: 
cross Piccadilly Circus from Northwest to Southeast: [1 
but remember that ASSOCIATED LEAD are the most reliable 

and economical suppliers of LEAD, TIN, ANTIMONY AND THEIR 
ALLOYS; 99.9999 PURE LEAD, TIN AND ANTIMONY; SOLDERS, IN- 
CLUDING SOLID AND CORED SOLDER WIRE, ANTI-FRICTION MAT- 
ERIALS; ANTIMONIAL LEAD; GABLE ALLOYS; LEAD SHEET AND 

PIPE; DENSE LEAD SHIELDING FOR NUCLEAR WORK. The dangers 
involved in forgetting this simple fact are too numerous 

to name: but, to put it shortly, it is a matter of profit 

and loss. 











This announcement is issued for and on behalf of 


ASSOCIATED LEAD MANUFACTURERS LIMITED 


CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, E.C.2. CRESCENT HOUSE, NEWCASTLE. LEAD WORKS LANE, CHESTER. 


PLESS 
Export enquiries to: Associated Lead Manufacturers Export Co. Ltd., Clements House, 14 Gresham Street, London, E.C.2. s 
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Plessey | 





Radiation Monitors 
and Detectors 


Growing acceptance of the radiation monitor and detector devices 
developed by Plessey Nucleonics Limited establishes their overall 
superiority. Indeed, the PNL instruments illustrated here offer 
substantial improvements of robustness and convenience of Selective Gamma Monitor type 1080 

application over the type available hitherto. —Publication No. PNL 111 





| PNL programmes for nucleonic development 
PNL is engaged in the design and manufacture of standard and specialised 
nuclear instrumentation—burst fuel element detectors for reactors, flux 
scanning equipment, radiation detectors of all types, process control 
instrumentation, health and defence instruments. 

The parallel production by PNL of so much that is complementary in 
nuclear instrumentation has established within the Company a unique 
bank of scientific skills and techniques, which is now offered for the 
development of new projects. The Company’s liaison engineers are 
freely available to assist with problems in their field. 





, PLESSEY NUCLEONICS LIMITED - WEEDON ROAD +- NORTHAMPTON 
Telephone: Northampton 4966 + One of the Plessey Group of Companies General Purpose Contamination Monitor type 1065 
Overseas Sales Organisation: Plessey International Limited + Ilford + Essex + Telephone: Ilford 3040 —Publication No. PNL 112 





HEAD WRIGHTSON | 


Head Wrightson are one of the most experienced companies in the 
world's nuclear equipment market. 

In the Active Material Handling field alone, they have engineered 
well over thirty flasks for the Atomic Energy Authorities in the 
United Kingdom, Denmark, Germany and Australia. Head Wrightson 
have also worked with the Swedish Authorities. 

Head Wrightson offer their experience for the engineering of 

Active Material Handling Flasks for any reactor or nuclear energy 
project. Consuit them now. 


active 
material 
handling 
flasks 


HEAD WRIGHTSON PROCESSES LTD 
NUCLEAR EQUIPMENT DIVISION 
London Sales Office: 20-24 OLD STREET EC1 And at: THE FRIARAGE YARM-ON-TEES YORKS 


P5166 
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CROSSLEY ENGINES for Chapel Cross 


Crossley Brothers have supplied the diesel engines for yet another nuclear 

power station. This time they are to provide standby electrical power for 
the United Kingdom Atomic Energy Authority’s latest station—Chapel Cross. 
Eight Crossley ‘‘ HSN ”’ six cylinder Scavenge Pump Diesel engines 
each supplying 500 kW through Brush generators, 
for automatic operation in the event of mains failure. 
Crossley two-cycle Scavenge Pump Diesel engines have already been 
installed at Calder Hall and Dounreay, and are soon to enter service at 
Berkeley and Bradwell. They have been chosen to fulfil these 


vital duties because they are reliable diesel engines. 





CROSSLEY _— ENGINES 
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CROSSLEY BROTHERS LIMITED - OPENSHAW - MANCHESTER 11. 


C435 
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WHEN YOU ARE 





G. A. HARVEY & CO. 


(LONDON) LTD. 


WOOLWICH ROAD, LONDON, S.E.7 
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Gas from Oil: For the South Eastern Gas Board’s high pressure Oil 
Gasification instaMation, now being built by Woodall-Duckham Construction 
Co. Ltd., Harveys have made and delivered to the Isle of Grain two Absorber 
columns. Each column is 120 ft. long by 9 ft. 4 ins. overall diameter, and weighs 
approximately 100 tons. The columns are Class 1 welded throughout, for 
operation at 300 p.s.i., and are for the high pressure CO, removal plant. 


Harvey Facilities and Products: CLASS I WELDED PRESSURE VESSELS TO LLOYD’S AND 
A.S.M.E. CODES - HEAT TREATMENT AND RADIOGRAPHY - DIE-PRESSED AND ‘ROTAR- 
PREST’ HEADS UP TO I5 FT. DIA.—LARGER SIZES TO SPECIFICATION - FABRICATIONS 
UP TO I20 TONS IN ONE PIECE - STEEL PLATE AND SHEET METALWORK - HEAVY 


MACHINING AND FITTING - PERFORATED METALS - WOVEN WIRE HF/13 
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Whichever way you look at it 
a“ — 
know-how is of primary importance in the manufacturing of Atomic Energy Equipment. This is where Graviner scores, for 
we can make almost anything in this rather new sphere of activ ity, whether it be a lead-filled shielded container, a Thulium 
storage magazine, a magnet for neutron beam focusing or a 20 ton mobile cell unit with viewing windows and handling 
in the machining of graphite. Indeed, with the recent addition of 12,500 square feet of factory 


equipment. We spec ialise too, 


all under 





space we can deal with anything from the making of a tiny graphite spring to a Reflector for a Reactor 
controlled clean conditions. 
If therefore you have a Development or Production problem, our Nuclear Energy Division will be very pleased to help you, 


Won't you pay a visit to the Gosport Factory and see what we can do ? 


| R AV | N E FY Contractors to The Atomic Energ y Authority 


FAREHAM ROAD: GOSPORT : HAMPSHIRE: Telephone Fareham 2511 





Also specialists in Airborne, Diesel Engine and Industrial Fire ‘and Explosion Protection, Thermostats and Overheat Switches 
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DECADE PULSE 
GENERATOR 
GO 1005 


Decade Controls 

Repetition frequency 10 c/s—1 Mc/s 
Variable DELAY, PULSE DURATION 
and PULSE AMPLITUDE 

Prepulse and Delayed Prepulse 
Single Shot facility 

External trigger up to 2 Mc/s 





The extremely versatile Solartron Decade 
Pulse Generator GO 1005 provides single or 
double rectangular pulses of up to 100 volts 
amplitude, monitored by a built-in meter, at 
repetition rates from 10 c/s to 1 Mc/s. 

The desired output conditions are easily and 
accurately set with illuminated concentric 
decade dials, permitting both coarse and fine 
adjustments of pulse-duration, repetition 
rate and pulse-delay. Extensive delay facilities 
are incorporated in the GO 1005 and trigger- 
ing may be internal or external up to 2 Mc/s. 
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a GO 1005 OUTPUT PULSES 
PRE-PULSE 0. T 

Gveortve) _) 4 fixed delay (approx. 250 msSec) 
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PRE-PULSE | 

@ve or +ve) 


-ve f 0 
(esc variable — variable PULSE WIDTH 
MAIN | on wariable AMPLITUDE 
PULSE 
+ve to ‘ «fe 
Earth 
’ 

-vefrom © 
povere | =" Let 
PULSE | : 

+ve to 0 

Earth 

















$ _-+ 











Circle No 46 on reply card for further details 


SPECIFICATION 


Repetition frequency: 10c/s—1 Mc/s (calibrated as 
repetition time 1 wsec—10° 
usecs), continuously variable. 

+ 5% from 10 c/s—100 kc/s, 

- 10% outside these limits. 
250 musec—100 msecs, accurate 
to + 5% continuously variable. 
(Minimum pulse width 200 musecs). 
0—100V, accurate to + 3%; 
continuously variable. 

Polarity: —ve going from earth 
potential or +ve to earth 
potential. 
20, 30, 60, 200 musecs for 
amplitude ranges 0—3, 10, 30, 
100 volts respectively. 

Two identical main pulses, 
leading edge of the first 
coincides with prepulse. 
(relative to Prepulse) 250 musec 
—100 msecs, to + 5% 

accuracy, continuously variable. 
10 V amplitude (+ve or —ve), 
150 musecs. duration. 

Fixed delay of « 250 musecs 
after the Prepulse. (polarity 
same as prepulse). 

Internal or external (up to 2 Mc/s) 
with trigger level control to 
select trigger point. Single shot 
facility. 


Frequency accuracy : 


Pulse duration: 


Pulse amplitude: 


Rise time: 
(-ve pulse) 


Double pulses: 
Delay time: 


Prepulse: 


Delayed Prepulse: 


Triggering: 


He = <= = a me ke ke 
Write now for full details to: 
SOLARTRON LABORATORY INSTRUMENTS LTD. 


Cox Lane, Chessington, Surrey. 
Telephone: LOWer Hook 2150 Cables: SOLARTRON CHESSINGTON 
Telex: 23842 SOLARTRON T.DIT. @& A Member of the Firth Cleveland Group 
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Vi E WP OIN TS letters 


University reactor delays 


SIR: I fail to understand why our 
Roman friend Gracchus should give 
way to vagrant emotions and spon 
taneous stirrings of the spirit over 
delays in building a university reactcr. 

Why should it not take nearly two 
years before someone finally starts 
building a umiversity reactor? Has 
Gracchus no idea of the amount of 
arduous and painstaking paperwork 
involved in Government procedure? 
Or of Parkinson’s Law? Or of the in- 
tervention of distinguished personali- 
ties imposing their ideas late in the 
day? Has he forgotten that th: 
amount of hard cash involved is com- 
paratively small and as such is bound 
to be debated hotly in Government 
circles while millions are spent on 
Blue Streaks without a murmur or 
qualm? 

Or is Gracchus taking pity on our 
bookish dons and taking up cudgels 
on their behalf because they appar- 
ently accept the present position with- 
out protest? After all, there hasn‘t 
been a breath of protest from them 
about the delays— understandably so, 
perhaps, in view of the controversy 
surrounding their application to uni- 
versity use. 


London, W& EDWARD E. RIVERS 


Industry plays safe 


SIR: I was interested to note some 
months ago a letter from Mr D. I 
Johnston about industry’s use of iso- 
topes. (The letter appeared in our 
September issue and, in brief, stated 
that the majority of British firms 
would take many years to accept the 
use of isotopes—Ed.). I expected some 
reaction from persons more versed in 
the industrial uses of isotopes than I 
but was disappointed to see that ap- 
parently Mr Johnston’s view was not 
challenged. I personally supported his 
view and this lack of response only 
confirms the experience that is, sur- 
prisingly enough, prevalent in th 
United States. 

Here, despite the oft-repeated state- 
ment that American industry is will- 
ing to accept and exploit new tech- 
niques and ideas, there has been a 
comparative lack of activity on the 
part of industry to use these new 
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to the Editor 


techniques. Some industries, such as 
the oil industry, have gone whole- 
heartedly into this field but on the 
whole, I think it’s fair to say that 
American industry seems to be as 
backward as British industry in this 
respect. 

Perhaps industry still is under the 
misconception that there are hazards 
costs and a lot of red tape invclved 
in using tracers. This is not true and 
the generally conservative attitude i 
surprising when one considers the 
amount of interest shown in the 
USSR and East European countries 

In Czechoslovakia, for instance, 
over 200 laboratories, both industrial 
and scientific, use isotopes and signi- 
ficant work is being carried out in 
the development of organic tracer 
compounds—of which, I understand, 
over 70 types are being produced. 

In addition, there is reported to be 
a vast amount of work being under- 
taken on the use of contained source; 
for industrial applications of which 
neutron probes for humidity measure- 
ments in the building industry and 
density measurements of cement mill 
sludge are but two examples. 

In East Germany, too, great em- 
phasis is placed on the use of isotopes 
and a new publication has appeared, 
‘ Isotopentechnik’, which is devoted 
to research reports and descriptions 
of experimental results in the fields of 
applications of radioactive and stable 
isotopes. 


Ann Arbor, Michigan R. G. FISHER 


irect generation of electricity 

SIR: I would comment on two poin‘s 
in the article entitled ‘The Direct 
Generation of Electricity” by B. C. 
Lindley in the July issue. Both poin‘s 
arise in the continuation, on page 82, 
of the paragraph beginning on page 
81. 

Firstly it is said that ‘if the gas is 
expanded from pressure P, to pres- 
sure P, the corresponding temperature 
function (T, T,)/T, represents the 
maximum achievable efficiency ’. Tak- 
ing this to be a statement about the 
thermal efficiency of any thermody- 
namic cycle appropriate to a hvdro- 
magnetic generator, it must apply to 
the simple Brayton cycle without re- 


generation. But the statement then 
denies the improvement in thermal 
efficiency that results from regenera- 
tion, keeping the inlet and outlet tem- 
peratures unaltered. For the statement 
to be true, some qualification or ex- 
planation would seem to be necessary. 

Secondly it is said that ‘the tem- 
perature and pressure are constant in 
the generator duct so that the elec- 
trical conductivity does not vary’. 
Constance of both temperature and 
pressure would seem to be incom- 
patible with the equations governing 
the gas flow, except in the highly 
unrealistic case of infinite electrical 
conductivity. 

The argument is as follows: 

Assuming that the cross-section of 
the duct is a slowly varying function 
of distance x from the inlet, the 
steady-state equations of conservation 
of momentum and energy and Ohm’s 
law are, approximately: 

dv dp dH 
v : = JB; 2. pv 

dx dx dx 
EJ; 3. J = o(vB — E): 


:. p 


where p is the gas density, v is the 
velocity, p is the pressure, J is the 
current density, B is the magnetic 
induction, E is the electric intensity 
(in the laboratory frame), o is the 
electrical conductivity, and the stag- 
nation enthalpy of unit mass of gas 
is: H (y/(y—1)}p/pt+v2/2, y being 
the ratio of specific heats. If pressure 
and temperature are both constant so 
also is the density; hence (1) and (2) 


dv 
become pv JB and pv? 
dx 


JE, giving v = E/B. 


Substitution for v in (3) gives either 
J = 0 or o is infinite. 

The first of these alternatives is 
trivial; and the second seems highly 
unrealistic in view of the crucial part 
played by the actual value of the 
electrical conductivity, and the con- 
siderable difficulty of achieving any 
significant conductivity at all. 

Again some qualification or explan- 
ation would seem to be called for. 
Does the author have in mind an 
arrangement other than that des- 
cribed by the equations given here? 
Reading, Berks G. C. SCORGIE 
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Safeguard 
your plant 


with the 


NASHTON 


flow-controlled switch 


A high-precision 
electrical switch operated 
by liquid flow 

Available in gunmetal, brass, 
or stainless steel tor corrosive 


fluids — flameproofed models 
for explosive atmospheres 


The ideal safety device in 
coolant systems for 
NUCLEAR REACTORS 
MOBILE GENERATORS 
X-RAY EQUIPMENT 
AUTOMATIC PUMPS 
RADAR TRANSMITTERS 
WELDING PLANT 


Make 


NASHTON 


the heart of your 
‘fail safe’ 
security 


we 

ZN Write now for a leaflet detailing 
various models, flow rates, maximum 
temperatures and pressures, etc. 


Nash and Thompson 


Limited 
Hook Rise South, Tolworth, Surbiton, Surrey 
Telephone: ELMbridge 5252 
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Industry and the isotope 


THE WIDE SCOPE of the radioisotope field and the 
actual and potential industrial savings that could 
accrue, have been publicized ever since the application 
of radioactive techniques became a practical proposi- 
tion. Since 1954, for instance, more than two interna- 
tional conferences a year (fourteen in all) have been 
held on research and technology in radioisotopes. 
This information has been generally circulated and is 
comparatively easy to obtain. Yet industry has still 
failed to take full advantage of the increased efficiency 
and savings that could come through the use of radio- 
isotopes ; and this is true not only of the UK but also 
of the USA, the Euratom countries, Australia and India 
where recently Dr Homi Bhabha stated that relatively 
little use was being made by Indian industry of radio- 
isotopes. 

If reluctance towards the use of these new techniques 
existed in all fields, there would be less cause to com- 
plain. But the medical world has been progressive in 
its outlook, finding in these new tools something of 
immense value which is now being applied in diagnosis, 
research laboratories and in hospitals throughout the 
world. Last year, hospitals took half the AEA’s total 
sales (by number) of radioisotopes and in the Euratom 
countries, 70% of all individual consignments are for 
medical use. Against this, industry took only 15% of 
the AEA’s 1959-60 sales. 

In addition, prices are on the decline—cobalt-60 
should fall to a new low when, as expected, it becomes 
available from the Bradwell and Hinkley Point civil 
nuclear power stations. Yet the AEA has a turnover 
of just over £1 million a year and only sold some 
35,000 packages of radioactive materials in 1959-60— 
and the Authority is the world’s largest supplier of 
radioactive materials. 

Why then has industry failed to respond to this new 
method of increasing industrial productivity? One is 
inclined to dismiss this in one word ‘ conservatism ’. 
But unfortunately there is no such simple answer. Fear 
and ignorance are undoubted factors; fear of radiation 
damage—which seldom arises in practice—and plain 
lack of familiarity with these new techniques. Added 
to this must be consumer’s fear of radiation, linked to 
fall-out and suspicion that radiation can affect people 
in a way that scientists do not yet know about. This 
last factor may well prevent some firms from going in 
for the known advantages of radioactive techniques as 
potential customers may not place orders when they 
think a product contains radioactivity, no matter at 
what level this may be. 

It is these factors that need analysing and breaking 
down. Positive steps have been taken in the UK with 
the setting up of the Isotope Information Bureau which 
together with the Authority’s Isotope Advisory Ser- 
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vice, Industrial Liaison Group and other services pro- 
vided by the Isotope Research Division, gives this 
country a sound framework on which to build upon. 
[t was particularly distressing then to hear that it was 
being suggested that the AEA’s travelling exhibition 
‘Atoms at Work’ should be scrapped—a retrograde 
step when so much needs to be done. 

On the Continent, awareness is growing of the need 
for more publicity. The Euratom Commission has 
opened an information centre on radioisotope techno- 
logy and is also prepared to supplement work being 
done in member countries to educate industry, It has 
also been suggested that there should be a centralized 
publicity campaign in member countries so as to make 
the maximum impact on industry. 

Further steps can and should be taken. It is time a 
detailed survey was made of the reasons why industry 
has been slow in accepting radioisotope techniques ; 
time, too, that another study of British industrial users 
of radioisotopes was made. On the basis of these re- 
sults, a propaganda campaign could be planned and set 
in motion side by side with more general publicity 
efforts devoted to clearing up the overemphasis on the 
dangers of radiation and to stressing its benefits. 

As a long term move, students should receive instruc- 
tion in radioisotopes as part of their basic school 
science training. These students, familiar with the hand- 
ling and safety of radiation techniques, together with 
the more fully trained graduates, could provide a power- 
ful public educative force on the safety of the con- 
trolled use of radioisotopes. After all, the full value 
of radiation techniques has not yet been discovered, 
let alone exploited, and any steps that could be use- 
fully taken to speed up their acceptance should be 
thoroughly explored. 

We have to look to the future and the versatile 
radioisotope, already having its effect in science, medi- 
cine, agriculture and research, would justify the invest- 
ment of more time, effort and money. As Professor 
Vasilly Emelyanov, head of the USSR Central Atomic 
Energy Administration, has pointed out when discuss- 
ing radiation techniques: ‘ As things stand at present, 
it is hard to predict how the energy of fission will be 
utilized—either for power production or the production 
of chemical productions on the basis of radiation. It 
is very likely that electricity will be a by-product of 
the radiochemical industry’. The stage has now been 
set, to quote Dr Willard F. Libby, ‘for an area of 
applied nuclear science in which the stellar role will 
be played by the versatile radioisotope’. It is now up 
to industry to seize its opportunities for there are some 
problems that can only be solved by the firms’ engin- 
eers in consultation with AEA experts. The obstacles 
to the present widespread use of radioisotopes become 
relatively insignficant when balanced against the tre- 
mendous opportunities their use could bring. 
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Land Rover 
mounted 





By taking the most successful Rotary Compressor design in 
Model 125 - RO-2 the world and mounting it in the most successful Light 
ROTARY COMPRESSOR Truck in the world, the natural outcome is the ideal form 


of mobile compressed air power. This is what you are 

offered in the Land Rover mounted version of the Model 
125-RO-2 “Power Vane” Rotary Air Compressor. Utilising the Land Rover power take-off for its 
drive, this modern CP compressor fits neatly as a package-unit on the truck floor, and is protected 
by a well designed canopy having louvred side shutters and rear doors to give adequate accessibility 
for routine attention. The complete plant is easily removed for any major overhaul. 
The completely self-contained feature of this unit is further improved 
by adequate storage and carrying capacity for ancilliary equipment, 
as provision is made for taking two heavy breakers, two pick hammers 
and sufficient lengths of hose and hose fittings for all normal needs. 








Consolidated Pneumatic 


CONSOLIDATED PNEUMATIC TOOL COMPANY LIMITED - DAWES ROAD + LONDON 
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the month in atomic energy 





E U ind Oo ~ a ph An agreement for scientific 


technical co-operation has _ bee 
signed with Italy. 





es 
s @ Sweden Work has started on ASEA’s 
BE second nuclear power laboratory. It will 


CEGB increases supergrid power be built in the company’s present re- 


search centre. 





London A 400,000 V system is to be Orders for new equipment will be 

adopted by the Central Electricity Gen- placed without waiting for operating ex- GEC-APC merger 

erating Board to reduce the number of perience with the 280,000 V experimental London Further progress is reported in 

high voltage transmission lines needed circuit between Monk Fryston and High GEC /Sieacn Carves end Atomic Power 

to meet increasing power demands, Marnham which will come into service Constructions merger into the United 
The majority of existing 275,000 V in 1962. The CEGB add that the first Power Company. An official spokesman 

supergrid lines, says the CEGB. were ori- 400,000 V line should then come into told Nuclear Power that the merger was 

ginally designed with an eye to future commercial use in 1965. From then on, definitely on, This followed reports of 

conversion to 380,000 V. Where increased the new voltage will be introduced gra- hard rethinking after the breakdown of 

transmission capacity is necessary, these dually to meet growing demand, tis GEC-Enelish Electric merger talks. 

will be reinsulated and used for the new The CEGB also announced that re- Equal holdings in UPC ittion expected 

high voltage. The power carrying capa- cord amount of new electricity generating to be held by the two groups with their 

city per double-circuit will thereby be plant was installed in 1960. The total design teams merging, Indications are 

raised from 1,200,000kW to 2,000,000kW. additional electrical output capacity of that Crompton Parkinson Ltd of APC 
For new main trunk lines, the Board this new plant was 1,935,000 kW, equi- will drop out of the new arrangement. 

plan to introduce a new design of tower, valent to 2} million horsepower. UPC’s executives are said to be Mr 

carrying four conductors per phase, as Altogether 21 turbo-generators and 22 A. Lindley, Chairman; Lord Coleraine, 

compared with two per phase on the boilers were installed in 14 power sta- vice-chairman, and Col. G. Raby, man- 

275,000 V lines. These towers will be tions, four of which were new stations. aging director. 

about 20 ft taller than existing 275,000 V Of the generating units, two more 

towers but this disadvantage will be out- 200,000 kV units (installed capacity) were 

weighed by a further increase in power brought into service at High Marnham 

carrying capacity to 3,000,000 kW. power station on the River Trent. 


Danish research plans for 1961 








Copenhagen A hot cell facility to serve The third is covered in the Commis- 
both the DR2 and DR3 research reactors sion’s own work on a deuterium-moder- 
is to be built by the Danish Atomic ated, organic-cooled reactor named DoR. 
* Energy Commission. This follows con- Work on this started last year and is 
Bp sideration of a report prepared by Atkins being continued, A new design has been | 
i & Partners of London, says the Com- produced for a 300-MWt reactor of the 
z mission’s annual report. DOR type and modifications have been 
Main interest in the Commission’s re- made to the cooling system of the DOR 
search programme, the report states, has design project as well as a new proposal 
been centred on gas-cooled, water-cooled for the thermal shielding. Work has also 
and organic-cooled reactors. These are begun on developing a fuel element 
5 considered the types most likely to be of based on UO, pellets and a water-loop 5 
use in Denmark. Participation in the has been designed to study pressure drop taee sel 
Halden boiling water ane project and and coslllatlien rang in various NEW DOUNREAY CORE A view 
: through the aperture of the 2ft 9in 
the Dragon project covered two types. types of Dor fuel elements. diameter removable shield plug above 
the Dounreay fast reactor core. The 
® Yugoslavia The research reactor to be © United Kingdom The keel of Britain’s inset at lower right is the type ‘B’ core 
installed at the Josef Stefan Institute in second nuclear submarine is expected to pret Baoan preg re 
| Ljubljana will be a 1 MWt Triga Mark II. be laid soon. of experimental fuel elements 
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PETTEN CENTRE There is room for future expansion at the Dutch National 









































Reactor Centre near Petten. The principal facilities of Reactor Centrum Neder- 
land’s central reactor laboratory, include a low flux reactor (LFR) and a 20MWt 
pool type high flux materials testing reactor (HFR) which is due to go critical soon 


Hirsch speaks on US-Euratom 
programme 

Washington An insight into some of the 

highlights of the US-Euratom Joint Pro- 

gramme was given by M. Etienne Hirsch, 

President of the Euratom Commission 

at a speech here recently. 

On the German AKS 150MW omrR 
project, M. Hirsch, said the Federal Gov- 
ernment had expressed readiness to cover 
part of the difference between conven- 
tional and nuclear costs, up to 100 mil- 
lion D-marks. However, as AKS was 
only incorporated for taking preparatory 
steps, a new company has to be formed 
for the construction of the project itself. 

SEP, which groups all producers of 
electricity in the Netherlands, has also 
expressed continued interest in the Joint 
Programme but the time limit available 
had not yet permitted a final decision to 
be taken. 

The West Berlin utility, BEWAG. de 
sired to build a 150 MW reactor and the 
Mayor of Berlin had indicated that com- 
pletion should be expected before the 
end of 1965 and not before the end of 
1963 as indicated earlier 


@ Norway The Norwegian Institutt for 
Atomenergi and the United Arab Repub- 
lic’s Atomic Energy Establishment have 
signed an agreement on co-operation. 


@ United Kingdom Building is to start 
in March of a nuclear school and lab- 
oratory at Portsmouth for the Royal 
Navy. 


@ West Germany Nukem has started up 
an automatic furnace for the production 
of uranium dioxide. 
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@ IAEA A manual on the costing of 
nuclear power is expected to be issued 
soon. It will serve as a guide to countries 
considering the acquisition of nuclear 
power plants. 


@ Finland Agreements have been signed 
with the IAEA under which Finland 
will receive a US TRIGA research reactor 
and the enriched uranium needed as fuel. 


e@ IAEA 


team on 


The report by the Oak Ridge 
the dosimetry measurements 
carried out at Vinca, Yugoslavia, has 
now been received. It is available from 
the Division of Public Information. 


Decision soon on university 
reactors in the UK 

A decision is expected to be 
applications by 
British universities for research reactors. 
Sir David Eccles, the Minister of Edu- 
cation, told the House of Commons re- 
cently that the applications involved for 
a capital sum of up to 
£250,000 plus annual maintenance costs. 
They also raised considerable issues of 
finance and principle and had to be 
assessed in relation to other requests in 
all fields of science for research grants 
A decision will b> 
announced as soon as possible. 

The universities which had applied for 
financial grants to cover the cost of 
building research reactors are: Birming- 
ham, Imperial and Queen Mary Colleges, 
London, Manchester and _ Liverpool 
jointly, Southampton, and the Scottish 
Universities jointly with the Royal Col- 
and Technology, a! 


London 


announced soon on 


each reactor 


to universities. 


lege of Science 
Glasgow. 








European energy policies 


Brussels Preliminary proposals for co- 
ordinating energy policies within the 
European Community have been submit- 
ted to the Council of Ministers of the 
European Coal and Steel Community. 
The plans were sent in by a working 
group consisting of representatives of the 
High Authority and the Commissions of 
the Economic Community and Euratom. 

The general aim of the proposed mea- 
sures is to bring down the price of 
energy in the Community to the most 
favourable economic level. As a first step 
it is proposed to harmonize commercial 
policies of member countries; lessen 
competition and reduce artificial price 
disparities. 


New French fuel element plant 


Paris A fabrication plant for fuel ele- 
ments for heavy water reactors is to be 
built at St. Lobes, in the Gironde, by 
the Compagnie pur pour l’Etude et la 
Realisation de Combustibles Atomiques 
(CERCA). Construction costs are put at 
over 15 million new francs and produc- 
tion is expected to reach 250 tons of fuel 
elements annually by 1962. An increase 
to 400 tons yearly is expected in 1964. 


Graphite delivered for FR-2 
reactor at Karlsruhe 

Bonn Graphite for the thermal columns 
of the 12 MWt heavy water moderated 
FR-2 research reactor at Karlsruhe has 
been delivered and is ready for assembly. 
The contract was placed with a group 
formed by Siemens-Plania, Chemische 
Fabrik Grieshiem, Merkingen/ Augsburg, 
and the Graphitwerke Kroffmihl AG. 














ITALIAN CENTRE The interior of the 
tower for the 3MeV Van der Graaff 
accelerator at the recently completed 
Centro Informazioni Studi Esperienze 


(CISE) laboratories near Milan. The 
accelerator is being assembled 






NUCLEAR POWER February 1961 









ww wee 


™ 


— 


—_— Vv 


= 


oO 


he 


ed 
ize 





5 
ie, 


* 


Gino 


mer 





EC Trade union experts represeni- 
) national trade union federations 

ed the implications for workers of 
creasing use of nuclear energy for 
ful purposes at a recent Diisseldorf 


* vw. Germany A total of 1233 users 
idioisotopes were listed at the end of 
) These figures do not include users 
idium, uranium and thorium com- 


inds 


IAEA studies Finnish prospects 


tienna A further series of studies for 
issessing more fully the prospects of 
wiclear power in Finland is recommen- 
ded by a report jointly released by the 
{AEA and the Finnish Atomic Energy 
Commission. 

While the report, ‘Prospects of 
Nuclear Power in Finland ’, is limited to 
specific conditions in that country, it is 
hoped that it will be useful to other 
countries as well because the method 
followed, the factors discussed and some 
of the data are sufficiently general to be 
useful to a number of countries. 

For 1970, one basis of comparison 
costs shows that under certain conditions 
a 250 MW nuclear plant operated with a 
load factor of 80°, might well become 
competitive. 


OVERSEAS 





DUTCH RESEARCH REACTOR A view 
of the low flux research reactor (LFR) 


at the National Reactor Centre at 
Petten shortly before its construction 
was completed. The 10kW Jason type 
reactor was designed by Hawker 
Siddeley Nuclear Power Company 


@ United Kingdom Sir John Cockcroft 
and Sir Roger Makins, chairman of the 
AEA, attended the formal inauguration 
of the Canada-India reactor recently. 


e@ France Two contracts have been 
placed by Euratom with the Grenoble 
research centre; one is on the study of 
heat exchangers and the other to find a 
substitute for terphenyl. 





Australian progress on the 


Canberra Work is going ahead steadily 
in Australia on the High Temperature 
Gas-Cooled reactor system, The present 
programme, says the Australian Atomic 
Energy Commission’s annual report, in- 
volves intensive research into nuclear 
materials—more particularly uranium, 
thorium, beryllium, beryllium oxide, car- 
bon dioxide and graphite. 

The report states that ‘the most 
promising fuel elements for the HTGC at 
present appear to be those incorporating 
beryllium, uranium and thorium. The 
spent fuel elements withdrawn from a 
power reactor will contain valuable resi- 
dues and these must be recovered, The 
chemical processing of fuel elements in- 
corporating beryllium has not been 
studied at other countries and is therefore 
the subject of research at Lucas Heights; 
the results are important to the choice of 
fuel and in the determination of the 
economics of a reactor system ’. 

Research on fabrication properties of 
cermets is proceeding as an introduction 
to larger scale production of HTGC fuel 
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HTGC system 


elements. Further progress was made in 
developing techniques for making gra- 
phite fuel compacts containing up to 60% 
by weight of heavy metal, The physical 
properties of the compacts before and 
after sintering to 2600°C were deter- 
mined and it was shown that hydrolysis 
of the sintered compacts was due solely 
to the presence of thorium dicarbide. 
Techniques for handling the compacts to 
overcome this problem and the produc- 
tion of compacts of graphite and metal 
oxides are in progress, 

On irradiation research, the report says 
that prototype fuel elements of both 
beryllium and beryllium oxide matrix 
were inserted into the research reactor 
HIFAR and appeared to be behaving satis- 
factorily at high temperatures, They will 
be irradiated for about six months, A 
series of experimental rigs containing 
beryllium specimens was supplied by the 
UKAEA and is being irradiated in HIFAR 
under contract. In addition, an experi- 
mental rig containing specimens of fissile 
material to be irradiated for the General 


Decision delayed over Swedish 
boiling water reactor 

Stockholm A _ decision over the two 
offers to build the 50 MW boiling water 
reactor for the Simpevarp power station 
is expected to be delayed for two months. 
Reason for the postponement is that 
more time is needed to consider the 
tenders put in by ASEA and NOHAB 
in collaboration with the US General 
Electric Company and by the Kockums 
Mekaniska Verkstad and Tekniska Bygg- 
nadsbyram companies in collaboration 
with Allis-Chalmers (see Worldview, 
September 1960, p 85). 


SELNI site purchased 


Rome A contract for land for the pro- 
posed SELNI pressurized water reactor 
station has been signed by the Societa 
Elettronucleare Italiana and the Com- 
mune of Trino Vercellese (Piedmont). 
The site is on the left bank of the River 
Po and covers an area of 600,000 sq. 
metres. 

The SELNI plant is scheduled for a 
1964 start-up and will use a Westing- 
house reactor. Among the companies 
interested in the project is Electricite de 
France which is taking 8% of SELNI’s 
capital (see Worldview, January 1961, 
p 58). 


Electric Company was successfully com- 
missioned and irradiation in HIFAR began 
in February, 1960. 

On the market for uranium, the report 
says contracts with the Combined De- 
velopment Agency, the UKAEA and the 
USAEC safeguard most producers in 
leading countries for the next few years. 
Thereafter the market is expected to be 
extremely competitive until the 1970's. 
Current market opinion overseas is that 
during most of the current decade, ura- 
nium producers will be able to compete 
successfully only if they can make a pro- 
fit at a price of $5 per Ib for uranium 
oxide or at least maintain production at 
a price of $4. The report adds that there 
is a widely held opinion that an expan- 
sion of uranium production will be re- 
quired after 1970. 


e Formosa A schedule for the construc- 
tion of the country’s first nuclear power 
station—a medium-sized plant scheduled 
for 1968 operation—has been worked 
out by the Taiwan Power Company. 


e USSR Future power in the Soviet 
Union will come more from fusion pre- 
dicts the President of the Soviet Aca- 
demy of Sciences. He was writing a 
New Year round-up of Soviet progress 
in science for Pravda. 
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BERKELEY PROGRESSES This recent 
picture taken at the Nuclear Power 
Group's Berkeley nuclear power station 
shows an electromagnet being used to 
remove metallic particles after welding 
of trumpets inside the No. | pressure 
vessel. Checked fuel channels are cov- 
ered by plastic boards (foreground) 





132 US utilities now in atomic 
energy 


New York Substantial gains in their 
nuclear power programmes were made 
by US electric companies in 1960 says 
a year-end statement from the Edison 
Electric Institute. At the end of 1960, 
the report says, 132 electric power com- 
panies were taking part in one or more 
of 26 major projects for the develop- 
ment and construction of atomic power 
plants and for major research, develop- 
ment and study projects. This broad 
programme involved a total investment 
of over $650 million. 

Five company nuclear power stations 
were in operation and two more were 
expected to come into operation in 1961, 
bringing the nation’s total capacity to 
about 760 MW by the end of 1960. 


Proposals asked for nuclear 
rocket engine 


Washington A request for research and 
proposals for a_ nuclear 
rocket engine will be sent to a number 
of manufacturers, says the National 
Aeronautics and Space Administration 
This follows the successful ground test 
of the KIwi-a 3 reactor, the third to be 
built and tested under the rocket pro- 
pulsion programme (Project Rover). 

Meanwhile, a contract for a test cell 
in the Rover test area has been awarded 
to the Actron Division of Aerojet 
General Corporation. This test stand will 
consist of a multi-storied structure for 
supporting an experimental nuclear reac- 
tor in a down-firing position. The test 
facility in use is designed for up-firing 
reactor experiments. 


development 


® Canada Production of U-308 in 1960 
totalled just over 25 million lb according 
to the Dominion Bureau of S:atistics. 


Israel builds a second reactor 


Tel Aviv The existence of a second 
Israeli reactor was officially disclosed by 
Mr Ben Gurion, the Israeli Prime Min- 
ister recently. This followed earlier 
denials in London and Washington that 
such a reactor existed (see Worldview, 
January, p 60). Unofficial reports put the 
cost at $10 million. 

Mr Ben Gurion made his statement in 
reply to a question from an Israeli Mem- 
ber of Parliament. He said that for the 
development of the Negev desert, re- 
garded as a main objective in the next 
decade, a wide range of scientific re- 
search was necessary. 

For this purpose, an institute had been 
established at Beersheba for research in 
arid zones and a reactor was being built 
with a capacity of 24 MW. This was in- 
tended to serve the needs of industry. 
agriculture, health and _ science and 
would give Israeli technicians experience 
needed to build a nuclear power station. 


The new reactor was similar to the 
Canada-India reactor and was being 
built by Isaeli technicians. It would 
serve for the construction of a nuclear 
power station within a period of 10-15 
years. 

No mention was made of French aid 
by Mr Ben Gurion but an official state- 
ment from Paris said that France had 
been giving Israel technical assistance in 
the construction of an atomic pile which 
operated with uranium and heavy water. 

In the House of Commons, Mr R. A. 
Butler, Leader of the House, said that 
the French Foreign Ministry had re- 
cently declared that all necessary dis- 
positions had been taken to ensure that 
the Israeli installations, made _ with 
French assistance, would be used exclu- 
sively for peaceful purposes. He had 
been informed that the site south of 
Beersheba was not so advanced that it 
could be used for military purposes. 


AEC relents on gas centrifuge 


Washington The AEC now proposes to 
allow industry access to restricted data on 
the gas centrifuge. This extension of the 
access permit programme would permit 
industry to use private funds and to re- 
tain the benefits of its work in this area. 

According to an AEC statement, in- 
dustry has informed the Commission 
that it believes there is substantial com- 
mercial potential in the use of the gas 
centrifuge to provide fuels for nuclear 
reactors. 

The AEC has been conducting research 
and development work on the gas centri- 
fuge and its planned programme includes 
these three major projects: (1) continua- 
tion of basic research underway at the 
University of Virginia; (2) experimental 


® United States The first of the eight 
Pwr’s in the nuclear aircraft carrier, 
Enterprise, has gone critical. It is the 
first reactor to achieve criticality in an 
American surface ship. 


e South Africa Exports of nuclear 
materials in the first eleven months of 
1960 were worth £43 million against 
£45 million in the same 1959 period. 


@ United States A second core for the 
AEC’s Gas Cooled Reactor Experiment 
at the National Testing Station in Idaho 
recently produced design power of 
2 MWt. 


operation of small groups of machines 
incorporating present technology being 
done under contract at Oak Ridge and 
(3) a programme under which private 
companies will be invited to submit pro- 
posals to perform development work 
under contract for the AEC. This would 
be for developing advanced models of 
the gas centrifuge. 

A violent storm blew up recently 
(Worldview Nov) over German work on 
the gas centrifuge method for separating 
heavy isotopes which can be handled in 
a gaseous form and developments there 
are now classified. Because of its poten- 
tial use in the production of weapons 
grade material, much of the informa- 
tion on it is classified. 


e Argentina Samples of concentrated 
uranium from the Cordoba Province 
have been shipped to West Germany for 
analysis. 


@ South Korea The TRIGA reactor at 
Seoul is expected to start operations 
soon, says the Atomic Energy Commis- 
sion. 


@ United States A public hearing has 
been held on the 60 MW light water 
Plum Brook test reactor by the USAEC. 
The reactor will be operated by the 
National Aeronautics and Space Admin- 
istration. 
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ited States The initial shipment of 
ements for the NS Savannah has 
ielivered by the Babcock & Wilcox 


ny 


vuth Africa Potchefstroom Univer- 
to buy a Cockcroft-Walton accel- 
from Cambridge. 


\rgentina A uranium ‘ price war’ be- 

of falling demand is expected, said 

delegates from 16 countries at an ‘Atoms 
| Space” meeting in Buenos Aires. 


indian isotope progress 

Bombay Progress made by the Indian 
\iomic Energy Commission in the use of 
radioisotopes was outlined by Dr H. J. 
Bhabha at the opening of an IAEA 
sponsored symposium held here recently. 

The chairman of the Commission told 
the assembly that when the Canada- 
india reactor (CIR) went into full pro- 
duction, India would become one of the 
largest producers of radioisotopes in the 
world. Not only had the production of 
isotopes increased in India but there had 
also been a remarkable rise in the use 
of isotopes in research and in medicine. 
But relatively very little was being done 
by industry in India. 

Among the projects Dr Bhabha men- 
tioned was one for increasing the quan- 
tity and improving the quality of Indian 
sik by using radiation as a means of 
killing the silk worm in the cocoon in 
place of the conventional method. 





Power production proposed for Hanford 


Washington The possibility that electri- 
city will be produced from Hanford New 
Production Reactor, originally proposed 
as a plutonium producer only, is to be 
discussed by the Joint Congressional 
Committee on Atomic Energy and the 
US Congress. This follows the release of 
a new report on the economic feasibility 
of by-product electric power production 
at the NPR by R. W. Beck & Asscciates 
of Seattle. 

The report concludes that dual-purpose 
operation could be economically advan- 
tageous to the government under several 
different combinations of assumptions. 
One of the most favourable conversion 
schemes involves the addition of approxi- 
mately 700 MW of electrical generating 
capacity to the plant. The conversion 


@ United States The Shippingport blan- 
ket, as of August 30, 1960, received an 
exposure of approximately 2600 mega- 
watt-days per ton of UO, average or 
12,400 mwd per ton maximum. This is 
said to be the highest exposure achieved 
in large batches of uranium oxide fuel. 


@ Australia The rate and pattern of silt 
flow from the Hunter River into New- 
castle Harbour has been successfully 
established by the AAEC through the 


use of tracers. 








ARGONNE SYNCHROTRON Some of the structural steel for the circular- 
shaped building to house the Zero Gradient Proton Synchrotron (ZGS) at the 
Argonne National Laboratory is seen in place. The ZGS, when completed in 1962, 


will be used to find out more about the basic nature of matter 
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cost is estimated at $100 million by the 
Beck report. 

The NPR is under construction at Han- 
ford. The initial authorization totalled 
$145 million and covered the estimated 
cost of the basic reactor plus the inclu- 
sion of design features in the reactor 
which would permit the use of reactor 
heat energy for the generation of by- 
product electrical energy. It is scheduled 
for completion in 1962 but two years of 
tests will follow so the earliest date for 
power production is expected to be 1964, 

Earlier studies were made on the use 
of the reactor for electrical generation 
but these were classified in part or 
wholly as the information they used 
related to military plutonium require- 
ments. 


Japanese ore-carrier plans 


Tokyo The Japan Atom-Powered Ore 
Carrier Research Group has made public 
a draft plan for the construction of a 
64,000 dwt ore carrier powered by a 63 
MW indirect cycle boiling water reactor. 
This is the first design study made in 
Japan of a nuclear ore carrier. Under 
the plan, the reactor would be built 
mainly in Japan and the vessel comple- 
ted by 1968. 

The members of the group are the 
Nissan Steamship Company, the Japan 
Steel & Tube Company, Hitachi Ltd and 
Marubeni-lida Company. The vessel 
would be used for shipping copper ore 
from Chile to Japan and is thought to 
be an economic proposition. 





New power efficiency concept 
Mountain View, Calif. A new concept to 
increase the efficiency of power reactors 
is to be investigated by Advanced Tech- 
nology Laboratories, a division of 
American Standard. Under the terms of 
a contract awarded by Euratom and the 
AEC, the division will carry out research 
on the use of ultrasonic vibrations to 
raise permissible heat transfer rates in 
nuclear equipment using boiling liquids. 





Yankee produces electricity 


Washington After ten weeks of testing 
since it went critical, the Yankee Atomic 
Electric plant at Rowe, Mass., produced 
its first electric power. Through gradual 
power increases, the plant is expected to 
reach a planned 110 MW soon. The re- 
actor was supplied and designed by 
Westinghouse Electric Corp. and pre- 
liminary construction work started in 
October 1957. The plant went critical in 
Augusi 1960. 
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OMR proposals invited by 


Washington A nuclear power demonstra- 
tion project incorporating a prototype 
50 MW organic cooled and moderated 
reactor may be built by the USAEC. 
The Commission has invited ‘ expressions 
of interest from co-operatively and pub- 
licly-owned utilities’ in the proposal. 

The utility taking part would be ex- 
pected to provide, as a minimum, the site 
and conventional facilities; to operate the 
plant for five years at least, and to pur- 
chase steam from the reactor. The nu- 
clear steam supply system, including the 
reactor, would be financed principally by 
the AEC. 

The request represents the first of two 


AEC 


steps. If expressions of interest show 
good prospects, a further request will be 
made for detailed proposals, At present, 
three OMR projects are built or planned 
in the US. One is the Organic Moderated 
Reactor Experiment (OMRE) in Idaho in 
operation since 1957, This is providing 
technical information for an 11-4MW 
OMR at Piqua, Ohio. The AEC is also 
building a flexible experimental facility 
at the National Reactor Testing Station, 
Idaho, known as the Experimental Or- 
ganic Cooled Reactor. This 20-40 MWt 
facility is being designed by the Fluor 
Corporation Ltd with Atomics Inter- 
national performing the nuclear design. 


Latvian research centre planned 


Moscow A research centre, to be built 
round the research reactor now under con- 
struction at Salaspils, 12 miles from Riga, 
will have a linear accelerator block and 
a building for a proton accelerator, Pro- 
visions are also made for the building of 
a physical technology section for the 
study of radioactive substances and radi- 
ations. Completion of the project will 
enable the Latvian Institute of Physics to 
carry out a full research programme. 
In addition, a research reactor at the 
Physics Institute of the Latvian Academy 
of Sciences, the first of its kind in the 
Baltic Republics, is nearing completion. 


Meanwhile it was announced that So- 
viet power generation in 1961 was ex- 
pected to exceed 327,000 million kW 
hours. This was disclosed by Vladimir 
Novikov, vice-chairman of the USSR 
Council of Ministers and chairman of 
the USSR State Planning Committee. 

He added that it was planned to in- 
crease the capacity of the power indus- 
try mainly by building thermal power 
stations. New capacity totalling 7-8 mil- 
lion kW would be put into operation 
within a year. In addition, work would 
start on a number of large projects whose 
total capacity was 15-5 million kW. 
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SECOND JAPANESE REACTOR Ap interior view of the JRR-2 research reactor 

designed and built by American Machine & Foundry Company for the Japan Atomic 

Energy Research Institute at Tokai-Mura, Japan. The $1°5 million reactor is the 

largest in the Far East and is the heart of the Institute’s 40-building research 

centre. The Institute employs about 1200 people at its headquarters in Tokyo and 

at the research centre at Tokai-Mura, conducting a wide range of research, testing 
and experimentation 


e@ Australia Industry is being urged to 
make wider us2 of radioisotopes and 
nuclear equipment. A special committee 
on isotope promotion is to be set up. 


@ Japan A special division for radiation 
chemistry is to be set up at the Japan 
Atomic Energy Research Institute. 


© South Africa Talks have been held 
between the Combined Development 
Agency and the Atomic Energy Board 
on future sales of uranium oxide, 


e@ Australia Tracer tests to determine the 
pattern of tidal movements have been 
carried out in Hospital Bay, Southern 
Tasmania. 





AEC changes BWR decision 


Washington The AEC recently reversed 
one of its decisions when it announced 
that the Allis-Chalmers proposal for a 
50 MW Improved Cycle Boiling Reactor 
(IcBWR) had been selected. In the middle 
of 1960, the contract for this Los 
Angeles-Pasadena plant in California was 
awarded to the US General Electric Co. 

The plant will be a prototype for a 
300 MW reactor incorporating features 
aimed at reducing power costs, Under 
the proposed arrangements, two munici- 
pal utilities will provide the plant site 
at Haskell Canyon, Los Angeles County, 
and the turbogenerator facilities. They 
will operate the facility for the AEC for 
not less than five years and purchase the 
steam produced by the reactor. 

Under the terms of the proposal, Allis- 
Chalmers will design, fabricate, construct 
and test operate the reactor, furnish the 
first core and spare fuel elements and 
provide training for operating personnel. 
The icBwr is planned for completion in 
early 1964. 

No mention was made by the AEC of 
its selection in June 1960 of the GE 
Company’s’ proposal. According to 
American sources, the decision was re- 
versed after protests from the other bid- 
ders and the documents re-examined, It 
was then discovered that there had been 
an error in the evaluation of the original 
bids, 


Successful SNAP reactor tests 


San Francisco A prototype of the first 
reactor for outer space has successfully 
completed operational ground tests. Lt- 
Col G. M. Anderson of the US Air Force 
said the SNAP experimental reactor had 
completed a one-year test programme 
which verified significant performance 
characteristics necessary to design the 
final flight reactor. 

The reactor was developed by Atomics 
International as part of the AEC’s Sys- 
tems for Nuclear Auxiliary Power (SNAP) 
programme. 
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stralia New underwater equipment 
ichining irradiated fuel elements 
n commissioned at Lucas Heights. 


izil The TRIGA reactor at the Uni- 
, of Minas Gerais, Belo Horizonte, 
ne critical. 


* iJnited States Site work has started 
radiation engineering laboratory at 
Brookhaven National Laboratory, 


Steam turbine completed for 


Soviet PWR station 


The first 70 MW steam turbine 
for the 420 MW Voronezh pwr station 
has been built at the Kirov Works, 
Kharkov. Two more turbines of equal 
capacity will be built for the two reactor 
station this year. 

(The recently completed turbine will 
work on saturated steam under a pres- 
sure of 29 atmospheres to a speed of 
3000 rev/min. It will be automatically 


Vioscow 


controlled. 


Reactor accident at Idaho 


Idaho Falls Efforts are still continuing 
to determine the exact cause of the ex- 
plosion at the USAEC’s National Test- 
ing Station which caused the death of 
three US military technicians. The acci- 
dent occurred on January 3 inside the 
building housing the US Army’s Station- 
ary Low-Power Reactor No. 1, a proto- 
type small power reactor for supplying 
heat and power for isolated military 
posts. An investigating committee is look- 
ing into the cause of the accident. The 
AEC, in the meantime, has ordered a 
survey of all its licensed reactors as a 
result of the explosion. 

An AEC statement said: ‘ An accident 
of undetermined origin involving a 
severe explosion fatally injured three 
men shortly after 9 pm Tuesday (Janu- 
ary 3) at the National Reactor Testing 
Station. The fatal accident, the first of 
its kind in the 11 year history of the 
Idaho site, occurred at the Stationary 
Low-Power Reactor No. 1 in the Army 
reactor experimental area. 

“It has been verified that the three 
victims, all military personnel, were the 
only people on duty at the time. Auto- 
matic heat detector alarms sounding in 
the three stations gave first 
the accident. High 
of radiation were found in the immedi- 
ate area of the reactor and the reactor 
building... .’ 


site fire 


warning of levels 


The AEC says that there is strong 
though not conclusive indication that a 
in the 


involved 


nuclear excursion was 
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New Oak Ridge reactor 


Oak Ridge A small research reactor, to 
provide short bursts of radiation for bio- 
medical and health physics research, is to 
start up in April at Oak Ridge National 
Laboratory. 

Called The Fast Burst Reactor (FBR) 
project, the reactor will consist mainly of 
a core of uranium molybdenum alloy 
without shielding or moderator. Radia- 
tion exposure will be very small outside 
the limited access area and the reactor 
will be located in a hollow surrounded by 
hills of sufficient height to provide ade- 
quate shielding from surrounding areas, 
The control building will be located 
about 800 ft away, behind a ridge. 


e USSR Fuel elements for a critical 
assembly to be built in Finland have 
been offered by the Soviet Union 
through the IAEA, 


e Japan A radioisotope laboratory has 
been built for the Institute of Physical 
and Chemical Studies (Riken). 


Falls 


accident. It could not yet be established 
whether there might have been an ex- 
plosive chemical reaction. The level of 
radioactivity when the rescue workers 
arrived was at level of 1000 roentgens 
(a level of 450-600 is lethal). A prelim- 
inary examination of the bodies showed 
that multiple injuries at the time of the 
accident were enough to cause death, It 
understood that radioactive 
material had been blown into the bodies 
by the force of the explosion and that 
the reactor apparently ‘ blew its top’. 

No details of the damage have yet 
been released and the high level of radi- 
ation continues to hamper investigation 
work. A television camera was being 
placed in the reactor building to survey 
the damage. 

Cause of the accident is suspected to 
be a mistake with the cadmium control 
rods as the three men were continuing 
the job of connecting up the control rods 
preparatory to restart-up of the reactor 
after 10 days of shutdown for the inser- 
tion of power distribution measurement 
wires. 

The SL-1 is a direct-cycle boiling water 
reactor of 3 MWt, moderated and cooled 
by light water. It was formerly knowa 
as the ALPR, and is designed to produce 
200 kW of electricity and 400kW of 
space heat at an operating pressure of 
300 Ib/in?. A package plant, it is designed 
to be built on any terrain; no excava- 
tion is necessary for the reactor shell. 
Ordinary gravel is used for biological 
shielding within the reactor building. 


is also 























BROOKHAVEN CYCLOTRON An un- 
usual picture of the 18-inch cyclotron at 
Brookhaven National Laboratory with its 
30-ft beam pipe in the foreground, This 
pipe makes possible the use of an in- 
tense beam of neutrons by focussing 
the 3 million electron volt protons from 
the cyclotron on to a target centred in 
a room of 40 cubic feet. A steel grating 
floor, 15 ft above the concrete floor, 
provides support for instrumentation in 
the vicinity of the target 


There are five cross-shaped control rods 
of cadmium and X-8001 aluminium- 
nickel alloy. The reactor is housed in 
circular, continuous-welded steel tank. 


A 





SL-1 rescue operations 


January 3 

9.01 pm Automatic alarm received; 
personnel radiation monitor 
a mile away gives off alarm 
and remains erratic for 
several minutes. 

9.10 pm Fire engines and _ security 
forces arrive, Unusually 
high radiation levels re- 
ported in reactor building. 

9.17 pm Health physicist — arrives. 

Meets radiation fields of 

500 mr to 10 r per hour. 

Two more health physicists 

arrive. Meet 200r radia- 

tion field at stairs of reac- 
tor building and 500r per 
hour on reactor floor; 
some evidence of damage. 

Entry on to reactor floor. 

Two men seen; one mov- 

ing. Withdrawal and_ re- 

entry by further team and 
alive man removed. 

10.48 pm Third man located in ceil- 
ing above the reactor— 
dead. 

11.14 pm Man removed from SL-1 
pronounced dead. Rescue 
operations suspended. 


co 


.35 pm 


.35 pm 


January 4 
6am Decontamination of body 
removed from SL-1. Read- 
ings 400 r at head region. 
100 r at feet and 200-300 r 
over the remainder of th> 
body. 

7 am- 

11 pm Second body removed from 
area where radiation levels 
estimated at 750 r per hour. 

January 9 
Third body removed, Res- 
cue operations completed. 
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Irradiation times may 


be only a few seconds 





Reactor facilities for the 
production of radioisotopes 


by R. WEST, Technical Manager, Radiochemical Centre, Isotopes Production Unit, AERE, Harwell 


Bx REACTORS used by the UKAEA for making isotopes 
employ both permanently installed and removable 
types of equipment. The removable assemblies are gener- 
ally used for bulk irradiation of the longer lived isotopes 
supplied from stock. They are loaded and unloaded when 
the reactor is shutdown, either by transfer to a remote 
handling facility or by withdrawal from the reactor directly 
into a mobile handling cell. 

The permanently installed equipments are more com- 
plex. They are designed for the loading and unloading 
of individual specimens into selected positions at any time, 
while the reactor is operating, and without significant dis- 
turbance to other materials or to the control of the reac- 
tor. These are used to provide a prompt service to users 
of the shorter lived isotopes. 

The two principal reactors used are: BEPO which has a 
large core of natural uranium fuel, a graphite moderator, 
air cooling and a central thermal neutron flux of 1°5 x 
10'* n/cm* s; and DIDO which has a small core of enriched 
uranium, a D.O moderator, a small graphite reflector and 
a maximum thermal neutron flux of 10'‘n/cm*s. 


Design and safety 


To minimize neutron losses, structural assemblies are 
constructed of light-weight, low absorbing materials such 
as alloys of aluminium, zirconium and magnesium. For- 
mation of spurious gamma-ray emitters in structures is 
avoided by the choice of suitable grades of material. This 
reduces shielding problems on removal. 

The packing arrangement for samples in an assembly 
is decided by the acceptable level of diminished yield 
arising from self-shielding and mutual shielding to neu- 
trons, as well as gross flux depression effects. Samples are 
therefore limited in total neutron absorption cross-section 
and suitably spaced from one another. For example, a 
10-g cylinder of cobalt metal will realize less than 50% of 
the full yield owing to self-shielding, and cause a local 
depression in the neutron flux, extending to about 2cm 
from the surface. Arrangements are often decided from 
experimental monitoring, using long wires and scanning 
measurements. 


While the reactors used have moderator temperatures of 
less than 100°C, local heating in structures and samples can 
occur in the higher fluxes through ‘ nuclear heating ’. This 
is the sum heating effect of particle and radiation absorbed 
energy. For example, in the core of pipo, heating can 
occur of the order of 2W/g for pure aluminium and 
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about 5 W/g for cobalt metal. Cooling is provided where 
necessary by demineralized light water or gas circulation 
and in certain cases assemblies can be placed in the D,O 
moderator giving direct heat removal. 

It is important to avoid trapped air in the high flux 
assemblies as the natural argon content will, for example, 
build up to about 400mc/|l of air at saturation in 
10'*n/cm?s and so constitute a special hazard. With an 
air cooled reactor, the rapid and continuous flow avoids 
this problem, but in others it is necessary to purge with 
CO. and seal when loaded into the reactor. 

Safety requirements guard against harmful effects to the 
reactor, the equipment or the samples; it is important 
to avoid using materials that could aggravate an incident 
occurring in the reactor, e.g. materials liable to react at 
elevated temperatures. 

Schedules of acceptable substances and quantities for 
irradiations in specified equipments, are prepared for each 
of the reactors. Standard screw-top cans of high purity 
aluminium are used for most irradiations; there are three 
principal sizes—type A, 30 ml; type B, 6ml; and type 
C, 3 ml. The two smaller cans may be used as secondary 
inner containers. Laminated aluminium foil washers render 
the cans powder-tight under normal conditions. Where 
some gas evolution may occur under irradiation, it is 
preferable to allow this to escape into the reactor gas 
purging system rather than build up a pressure. 

For gas sealing, or special containment, silica or brazed 
aluminium are normally used; silica frits are employed 
also when gas venting is desirable. While most plastics 
deteriorate rapidly under irradiation, polythene containers 
will usefully last for about a week at 10'*n/cm’s at 
modest temperatures. Crumpled aluminium foil or silica 
wool are often used as packing for fragile specimens and 


Flux conditions in 
BEPO irradiation belts 
thermal flux, n/cm?s 10!!—-1-3 x 10" 
fast flux, n/cm?s 3 x 10°-2 x 10"! 
temperature, °C 23-65 
y-flux, r/h (E av 1:3 MeV) 2°5 x 105-1°8 x 10° 
DIDO Honeycomb units 
thermal flux, n/cm?s 5 x 10!'-4 x 10%? 
fast flux, n/cm?s 3 x 107-3-4 x 10° 
temperature, °C 70-135 
y-flux, r/h (E av 1-6 MeV) 105-3 x 10° 
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foa. ed polyurethane is useful within limits of time, tem- 
per. ure and irradiation. 


Irrec.ation belts 


e are five endless belts traversing the BEPO reactor 
in rizontal holes four inches square (Fig. 1). Some 
be ire double sided in respect of sample holders, and 
ca e wound in either direction for the loading and 
unloading of materials. Others are single sided with a 
return cable. 

tach of the double sided belts can accommodate up to 
300 samples in A-type isotope cans with a spacing of two 
inches between centres. The cans sit vertically in graphite 
cups which are held in a magnesium-zirconium alloy extru- 
sion, acting as a support box and hinge-plate segment of 
the belt. 

Samples are loaded by dropping into a shielded sliding 
drawer which is moved over the selected belt segment and 
the can released to fall into position. The unload follows 
the reverse procedure, the sample can being ejected from 
the belt with a plunger into the sliding carrier and then 
released into a discharge tube leading to a lead transport 
container underneath the unit. 

Active samples can often be safely reloaded by trans- 
fer with handling tongs from a carrier placed as close as 
possible to the load-tube. Also a mobile pneumatic can 
transfer system is used for multiple reloadings but this 
is only suitable for specimens that will tolerate rapid 
motion and some impact on arrival. 

Belts may safely be rotated and samples loaded and 
unloaded while the reactor is in operation with small 
effect upon the reactivity. However, the Reactor Duty 
Engineer Control Officer is consulted before any move- 


(Left) operator 
using BEPO isotope 
irradiation belt 
(Below)  diagram- 
matic arrangement 
of the belt 
(Fig. 1) 


Load/unload slide 
Periscope 

Unload port 
Ejector 

Turning drive 
Load port 

Lead shield 
Sample cans 
Graphite cups 
Mg/Zr alloy 
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Operator _ loading 

samples into the 

BEPO _ self-service 

rabbit selector unit. 

The pump unit is 

at the bottom right 
(Fig. 2) 





ment is allowed; after use, belts are promptly returned 
to the in-pile position to minimize interference with other 
irradiations. 

A half of one belt is reserved for samples having a 
maximum flux or temperature limitation. During load 
and unload this belt is wound out in one direction only 
so that these samples are moved away from the reactor 
core and not towards it. 


Self-service ‘ Rabbit’ 

This is installed in BEpo for short irradiations, down 
to a few seconds in duration (Fig. 2). One irradiation may 
be carried out at a time, and the sample position is near 
to the pile centre at a flux of about 1:3 X 10'*, in an 
ambient temperature of about 90°C. 

Sampie cans of up to 7 in dia. by 2+ in long are housed 
in a nylon loaded bakelite bobbin which is loaded into 
a selector box near to the pile control face. From here, 
samples are blown through a tube by air, into and out 
of the pile, at the turn of a control lever. The bobbin 
returns to a shielded box where short-lived activities are 
allowed to diminish before removing the sample. The 
bobbin material is chosen to give rise to a minimum of 
spurious short-lived activities; however, the eventual 
deterioration under irradiation, together with the mechani- 
cal shocks received, causes cracking, and bobbins are 
replaced periodically. 

Further rabbit installations in BEPO and in DIDO are 
part of a joint network coupled to a number of labora- 
tory control stations on the site. These are used for re- 
search with short-lived isotopes. 


Honeycomb units 


At present three of these units occupy 6 in horizontal 
holes in the reflector of pipo (Fig. 3). Each unit holds 
70 A-type isotope cans any one of which may be loaded 
and unloaded independently with the reactor at power. 

The units consist of a row of ten cylindrical magazine 
chambers rotating on a central shaft. Each magazine has 
seven sample chambers plus one straight-through trans- 
port passage. By selective alignment, samples are blown 
through the transport tube segments to the chosen rest 
position, and subsequently returned by the same passage 
for unloading. 

Samples are loaded manually with a push rod into the 
shield plug of the assembly from where they are blown 
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into position. The unload sequence is to blow out into a 
holding position in the shield plug, where short-lived 
activities are allowed to decay, then to discharge manually 
with a pull-rod into an external tube which guides the 
sample, by gravity to a shielded transport container. 

As any trapped air in the unit would build up some 
active argon-41 (half-life 1-82h), the whole assembly is 
sealed and purged with CO. which is also used for blow- 
ing the cans; sealing is also necessary to avoid the 
hazards of activated dust disturbance that arises with the 
use of a pneumatic system. 

Due to nuclear heating in the structure materials, the 
temperature in the unit reaches a maximum of 135°C, 
compared with about 90°C in the surrounding graphite 
reflector. At present, each sample is limited to a heat 
production of about one watt. The flux gradient is steep. 
and over the length of an irradiation can varies between 
25% to 100% change within the reflector. The minimum 
sealing requirement for samples in this facility is double 
containment in standard isotope screw-top cans. 

A higher flux unit of similar design is planned for a 
4-in horizontal hole, and is expected to provide fluxes 
up to 5 X 10'* (fast: 10°-2 * 10'*) for specimens in the 
B-type isotope can. Provision is made for gas cooling, and 
under test is a small external handling box that will faci- 
litate the re-loading of active materials, or the transfer 
from one position or unit to another. 


Bulk irradiations 


TE holes nero A number of 41 in dia. vertical holes enter 
from the top thermal column, passing into the core below 
the centre-line of the reactor. These are used to accommo- 
date aluminium buckets 15 in long, normally with twelve 
per hole. Typical uses are for the irradiation in bulk of sul- 
phur for P-32 production and Tellurium dioxide for I-131 
production. The buckets rest one on top of another in the 
reactor, and are loaded and unloaded with the use of 
external equipment (Fig. 4). 

Samples are unloaded into the rotary magazine, which 
holds 8 buckets and the reactor biological shield plugs. It 
is then removed from the reactor and placed on a raised 
stand. Transport shield-flasks for individual buckets are 
then passed by rail under the unit and the buckets are 
discharged from the magazine. The reverse procedure is 
used for the loading of materials into the reactor. 

High flux irradiations The equipment designed for the 
production of high specific activity cobalt-60 is an example 
of one arrangement used for irradiations in neutron ftuxes 


A In-pile section B Bio- 
we shield section 
Out-of-pile section 










1 Magazine selector control 

6 2 Magazine selector mechan- 

isms Load push rod 4 Can 

load port Isotope can 

6 Can arresting gate 7 Can 

transport passage 8 Irradia- 
tion magazines 


Honeycomb unit for the DIDO isotopes irradiation machine, 
for simplicity only three magazines are shown instead of ten 


(Fig. 3) 


of about 10'*/cm*s, where special cooling is necessary. 
It is possible to simplify the apparatus where immersion 
of the target materials in the D.O moderator is _ per- 
missible; this obviates the need for a special cooling 
circuit with its associated temperature and flow controls. 











The unload equipment for BEPO vertical TE/holes (Fig. 4) 


The cobalt equipment is for a 2in dia. vertical hole, 
and houses 30 metallic disks, 17mm dia. by 2 mm thick, 
each sealed and leak tested in a permanent sheath of 
aluminium. The disks are spaced 2cm apart with seg- 
ments of Mg-Zr alloy to form a cylindrical stack; this 
is sealed in a tight fitting aluminium tube with all the 
parts being in good thermal contact. 

The tube assembly is held in a water jacket formed by 
the 2-in diameter main outer tube which carries the whole 
structure. Demineralized water-cooling is used to dissipate 
the nuclear heating of about one kilowatt. Water flow and 
leakage trips are provided as well as continuous tempera- 
ture monitoring. 


Medium flux irradiations 

Some simple multi-purpose sample racks have been 
used in fluxes up to about 10'*. Loads are arranged to 
limit the operating temperature without special cooling 
and heat removal by convection is improved, if necessary, 
by the use of a helium atmosphere instead of CO,. 

One type of rack consists of a series of standard can 
holders spaced on a central support shaft. The holders 
are free to rotate on the shaft to facilitate access to 
samples with remote handling tongs. The loading and 
unloading of samples is carried out by withdrawal from 
the reactor at shut-down, directly into a shielded handling 
and viewing box. Samples can be changed and transferred 
into transport containers by a shielded sliding drawer. 


Other equipments 

A number of facilities of specialized interest are available 
including: furnace equipment for irradiations in a tem- 
perature up to 900°C; low temperature irradiations down 
to 180°C using liquid nitrogen ; irradiation under pres- 
sure at up to 2000 lb/in?; fast fission fluxes are obtained 
in special hollow fuel elements ; irradiations with reduced 
gamma radiation field using installed lead shields; the 
reactor thermal columns provide conventional facilities 
for an environment with low fast neutron content. 
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Sc -iay have just been completed and will soon be commissioned. 


new facilities for producing and handling radioisotopes at 


Specialized laboratories for 


producing radioisotopes 


by C. FISHER,* Head of the Radio-element Department, CEA 


ewe CONTINUOUS RISE in the production of artificial 
radio-elements by the Atomic Energy Commission has 
made it necessary to build new facilities. These have been 
designed to incorporate all the experience acquired on 
the best methods of containing the materials handled, and 
reducing the possible consequences of contamination inci- 
dents. In particular, there is almost complete separation 
of the handling cells and the laboratories housing the staff. 
A description is given of the general layout of the internal 
fittings, ventilation, and the network of effluent pipes. 

the second largest European producer of 
artificial radio-elements after Britain. This production is 
rising apace with the construction and commissioning of 
new reactors by the Atomic Energy Commission. For 
1960, the Commission made 9960 deliveries 
of radioisotopes against 7200 deliveries in 1959. Forty 
per cent represented deliveries abroad, to some 25 foreign 
countries, against some 35 per cent in 1959. Deliveries 
during 1960 comprised, inter alia (1959 figures in brac- 
kets): 


France is 


instance, In 


3600 (—) curies of iridium-192 


117 (540) curies of cobalt-60 

112 (86) curies of colloidal gold-198 
126 (70) curies of iodine-131 

55 (30) curies of phosphorus-32 


The radio-element division planned to produce in 1960 
100.000 curies of cobalt-60 and to start up a pilot plant 
for the extraction of caesium-137 from solutions of fission 
products, which will enable several kilocuries of this radio- 
isotope to be recovered. 

lhe implementation of this programme and the steady 
development of demand for various radioisotopes destined 
for medical and industrial uses would soon have been 
slowed down by lack of laboratory space, especially of 
hot laboratories. It was therefore decided at the begin- 
ning of 1959 to build new facilities at Saclay specially de- 
signed for the production of radioisotopes. These were 
completed at the end of 1960 and will be brought into 
service during 1961. 
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The French Atomic Energy Commission produces about 
110 various artificial radionuclides and over 150 different 
tracer molecules. When commercial radioisotopes can be 
obtained from fission products it will be possible to step 
up production capacity and cut costs accordingly. A 
semi-industrial plant of this type will shortly be put 
into production in France. 

Statistics for 1957 show that the French industry saved 
approximately £330,000 by the use of radioisotopes. This 
figure is much higher now as the number of consign- 
ments despatched by the French Atomic Energy Com- 
mission have more than doubled over the past three 
years. The export production goes mainly to the Com- 
mon Market countries and the USA. 


At Saclay there are three cells designed for handling 
Co-60 sources 


1 The handling cell; designed for handling and packing 
sources irradiated in reactors 


2 The second cell stores the sources 


3 Irradiation cell; the gamma rays are provided by 
sources from the storage cells 











GENERAL PRINCIPLES 

The general principles by which the planning of the 
new building was guided were based on the experience 
acquired over a number of years through operations at 
the high activity laboratory at Saclay. Production equip- 
ment there is installed in laboratories, all identical, measur- 
ing 10m X 15m (32:8 ft X 49-2 ft), connected by a cen- 
tral passage, each having individual ventilation (injected 
and extracted) as well as liquid effluent lines. 

In use, this type of building has shown two main 
defects, which are as follows: 
1. The design of the building does not provide for ordin- 
ary laboratories side by side with the hot laboratories 





*The installations described in this article were planned and designed by a 
group of researchers led by Messrs. Duvaux and Junca from the Construction 
and Installation Division of the Courouble, Laurent, Germond and Raggenbass, 
from the Radio-element Division, 
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where ordinary chemical operations or physical measure- 
ments can be carried out. 

2. As various pieces of equipment are working simultane- 
ously in the same laboratory any incident resulting in 
contamination brings about a temporary cessation of work 
in the whole of the laboratory and, consequently, holds 
up production of several radioisotopes. Incidents of this 
nature almost invariably happen when loading and unload- 
ing Operations are in progress and also when maintenance 
work is being carried out. 

Additionally, a number of minor defects have been 
revealed during operations. For example, the roof height 
of 3-40 m (11-15 ft) is inadequate to enable handling equip- 
ment and remote controlled handling equipment to be 
employed. Moreover, effluent pipes have been placed in 
ordinary channels which are difficult to inspect. The con- 
sequences of any leakage of radioactive solutions could be 
serious. 

All these different defects have been eliminated by bas- 
ing the construction of the new buildings on an ‘active 
passage. This passage, 5m (164 ft) wide, and 
4:20 m (13-8 ft) high, links and serves the laboratories lying 
each side of it. The laboratories are separated from the 
passage by means of thin panelling. The boxes in which 
the radioisotopes are handled are located in the passage; 
they are fixed to the panelling by means of an air-tight 
attachment, and, whenever required, are enclosed by shield- 
ing on the three sides in the passage, and on the fourth 
side facing the laboratory. 

Each of the active passages is located above a service 
corridor high enough to allow easy access. The effluent 
lines run through the service corridor. 


active 


GENERAL DESCRIPTION 

The building has a total covered area, including the 
basement and a first floor covering only part of the ground 
floor, of 9800 m* (105,486 ft*), representing a working area 
of 4000 m? (43,056 ft*). Figure 1 shows the plan of the 
building. The external dimensions are approximately 75 m 
x 90 m (246 ft 295 ft). 

For main sections corresponding to different processes 
are shown on the plan of the building. 





Ground floor plan of the building (Fig. 1) 


measurements 

room 

hot 
laboratory 


Section through the hot laboratories showing the position 
of the services gallery and active corridor in relation to the 
hot laboratories (Fig. 2) 


Hot laboratories 
The facilities through which the central active passage 
runs, are made up of four sections. Each section has a 
length of 25m (82ft) and comprises laboratories, each 
45m 7m (14°8 ft 23 ft), located on both sides of a 
secondary active passage. Facing them, a number of rooms, 
each measuring approximately 3 m 3 m (9°8 ft X 9-8 ft), 
have been arranged. These can. be used either as offices or 
metrology laboratories. The active passages of each sec- 
tion connect with the central passage, but access to this 
from the laboratories can only be obtained by first passing 
through a changing room and a decontamination room. 
Entry into the passage, normally free, can be barred or 
restricted in the event of accidental contamination. 

Figure 2 shows a section through the hot laboratories. It 
will be seen from this that the active passage is higher 
than the laboratories so that handling equipment of the 
travelling gantry type can be used, as well as to allow 
room for the ventilation ducts. 

In normal operation of the installations, those labora 
tories which are separated from processing cells are 
regarded as being in a cold zone, and there is no parti 
cular check on access to them. It is, of course, understood 
that radioactive products are never carried through these 
laboratories, at any stage of the proceedings, and all 
loading and unloading of equipment takes place on th? 
hot passage side. In the event of a serious accident. 
involving the contamination of a laboratory, it is possible 
temporarily to connect whichever one is involved directly 
with the active passage, and to bar normal ingress to it 
A laboratory contaminated in this way is, consequently. 
regarded as an integral part of the actual zone until it 
has been decontaminated. An emergency exit, situated at 
the end of each active passage, incorporating a decon 
taminating shower, enables staff to get away in the event 
of an accident occurring within a passage. 
Cold laboratories 

The cold laboratories are located at the end of each 
bay of hot laboratories. There are 4 per section, each 
5m X 6m (16-4ft xX 19-7 ft). Their equipment is that 
found in ordinary chemical laboratories. The staff enters 
and leaves via the cold laboratories, as also does any 
equipment not destined for the active passage. 


Active hall 
Certain operations involving intense radiation, such as 
those with cobalt-60 require very special protection, and 
the use of cells or caves with thick concrete walls. An 
active hall has been allocated for the construction of 
these caves, of which there will be three. 
Two caves will have shielding adequate for handling ten 
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s of cobalt-60 and are equipped to strip the cas- 


in sheath from the irradiated metal, measure and 
m ate the sources and place them in storage. Stor- 
ag icity, which is partly buried, has been allowed for 
101 curies. The third cave, located alongside the stor- 
age il is designed to handle 100 kilocuries of cobalt-60. 
In radiation with intense gamma sources will be car- 


ried out to customers’ specifications. 
i block of three caves divides the hall into two 


entirely separate zones. The outer zone is the operating 
Z from which the various processes are controlled. 
T! nner zone is the zone from which loading and 
unloading operations are performed. This is the classical 
arrangement with the added advantage that the inner zone 
of » caves connects with the central live passage and, 
consequently, access to it is under control. At the same 


time, the decontamination room of the active passage 
can be used for these caves. 

the hall is equipped with a travelling crane of a lifting 
capacity of 10 tons, so that heavy loads can be handled. 


Clean hall 

Packing and despatching operations for radioisotopes 
call for the use of a warehouse of ample dimensions. For 
this purpose a clean hall has been provided, having a 
length of 60m (196°8 ft) and a width of 11 m (36 ft), half 
of which has been laid out as a mechanical workshop and 
glass blowing shop, and the other half as a packaging 
material store and despatch centre. This hall has been 
located on the ground floor and access has been arranged 
so that despatch vehicles can drive into it for collecting 
packages. A 10-ton lift travelling crane has been installed 
so that heavy loads can be handled. 


Offices 

Administrative staff and technical staff offices have been 
located on the first floor, above the cold laboratories, 
situated on the south side of the building. 


INTERNAL EQUIPMENT 
Processing boxes 

Internal equipment consists basically of a large number 
of standard units—glove boxes—in which the chemical 
separations are carried out. 

Figure 3 shows, schematically, how these boxes are fixed 
to the metal panelling between passage and laboratories. 

Two standard sizes exist chosen so that three large or 
five small boxes can be fitted to the wall of one labora- 
tory. These boxes can be joined by removing lateral walls 
or by access ports. 

Each unit consists of a framework or metal or rein- 
forced polyvinyl chloride channel, on which metal or 
plastic panels can be bolted, the whole forming a tightly 

- cool area < 


S “~Y) gasket _ metal partition 
4 
































Method mounting a box in the active corridor (Fig. 3) 
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sealed shell. The chemical equipment is mounted inside 
this box, the forward wall of which is sealed to the pas- 
sage wall by a flexible joint. Handling tongs and operat- 
ing levers pass through this forward wall via leak-tight 
joints or plastic sleeving. 

When shielding is required a second framework is built 
round the box to support walls made of lead bricks and, 
if needed, a roof. Again they are built on three sides in 
the passage and on one in the laboratories. 

A negative pressure of 2-5 cm w.g. is maintained in all 
boxes. They are connected to an extraction tube located in 
the active passage and serving three laboratories. A prim- 
ary filter is incorporated in the exit to this tube in each box. 

This type of standard box is very suitable for permanent 
installations used for continuous production. For diversi- 
fied operations * junior-caves ’ have been devised which are 
a type of shielded glove box. They are designed to take 
advantage of the division of the new facilities into active 
and clean zones. They open from the rear and are 
equipped with remote handling devices designed by the 
Commission which pass through the shield via air-tight 
joints. 

All these boxes and caves are connected above to all 
services including air exhaust, water and other fluids and 
below to the effluent channels. 


Ventilation 

Only the active passage zone is air-conditioned and 
maintained at a lower pressure than the rest of the build- 
ing, which results in considerable saving as compared with 
conditioning the whole installation. Complete renewal 
takes place at a rate of 20 times an hour in the active 
passages. The air exhausted from all passages is passed 
through a series of filters before escaping through a stack 
standing some 5m (16:4ft) higher than the roof of the 
buildings. 

The air control system covers only a relatively small 
volume of the building and consequently its cost repre- 
sents only six per cent of the overall costs. 


Liquid effluent 


Effluent lines are situated in the service corridor, be- 
neath the processing cells. For radioactive waste the pipes 
are made of Pyrex glass, and for inactive liquids, of 
lead. They have been designed to join together in lengths 
of 14m (4:92 ft). 

A set of hold-up tanks is located in the service corridor, 
at the end of each wing of the hot laboratories. Active 
liquid is collected in two of the tanks; two others are 
intermediary tanks for monitoring waste liquid believed 
to be inactive. 

The hold-up tanks are arranged to provide easy access 
and facilitate removal of their contents by tankers. 


UTILIZATION 

Since this building has only just been completed another 
year must elapse before experience in its utilization can 
be gained. 

This will be interesting to compare with that acquired 
in other radioisotope production centres because in these 
new facilities, containment has been pushed to a very 
advanced stage and the operators are completely isolated 
from the active zone, whereas current practice—also in 
France—is to permit access to all the faces of the boxes 
and caves in identical conditions. 
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There is an application 
in almost every industry 


bi WIDESPREAD USE of radioactive 
techniques has been one of the 
major advantages arising from the dis- 
covery and utilization of nuclear 
power. The interest surrounding this 
new tool has also led to irradiation, 
not necessarily from radiosotopes, be- 
coming an important aid to the manu- 
facturer and research worker. Contri- 
butions, for example, to research and 
process control have been made in a 
wide variety of industries. Greater 
accuracies are now available in the 
field of process control, especially that 
of thickness measurement, while in 
the research field, radioisotopes pro- 
vide a unique method for solving 
problems which would have been im- 
possible or difficult by ‘ conventional ’ 
techniques. 

Radioisotopes have three important 
advantages over other research tools. 
They do not need power supplies as 
they are self-contained energy sources ; 
they are unaffected by physical condi- 
tions so that their radioactive proper- 
ties are reproducible; and they are 
easily detected. 


Industrial applications 


Industry at present does not take 
full advantage of the many routine 
applications of radioisotopes avail- 
able. The commonest use is in process 
control. Beta or gamma rays, with suit- 
able detectors, can be used to measure 
thickness either by penetration or 
back scatter. As there is no contact 
the method is useful for continuously 
monitoring moving material and has 
now become the standard instrument 
in the paper making and sheet steel 
industries. Other allied applications 
are plastics and coated fabrics. Similar 
methods can be used in production 
lines to check the contents of filled 
packages. This type of application is 
widespread in the cigarette manufac- 
turing field and has also been used by 
toothpaste manufacturers. An inciden- 
tal advantage of the use of radio- 
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Uses of radioisotopes and irradiation 


by DAVID IGGULDEN, B.Sc., Technical Editor, Nuclear Power 


isotopes in mass production systems is 
that the associated electronics of the 
detecting devices can be easily inte- 
grated into the system. 

Radioisotopes form an integral part 
of the petroleum industry where they 
are used for measuring flow through 





In this gamma ray machine made by 
Gamma Rays Ltd, the source is 5c of 
irridium-192 and in this application it 
is mounted on a quadrant and stand 
with extensible legs for weld examina- 
tion. The exposure can be made in a 
very short time by operating the safety 
catch (Fig. 1) 


pipelines, interface markings of pipe- 
lines, catalyst mixing and location and 
research into the mechanism of entrain- 
ment in refinery distillation. The suc- 
cess gained here suggests that these 
methods could be used in many other 
fields and small amounts of radio- 
active tracers are being used to mea- 
sure bulk flow in large industrial 
plants and also to check on the effec- 
tiveness of recycling processes. 
There are also applications to wear 
problems in general; the best known 
are piston ring and cylinder wear, and 
tyre wear. Work in the machine tool 
industry is aimed at improving the 
efficiency of machine tools by study- 
ing the distribution of wear debris. 





Other straightforward applications 
include the routine inspection of pipes 
for leaks. Radioactive liquid is 
pumped through the pipe which is 
then flushed. A ‘go-devil’ is then 
passed through the pipe’and is able to 
detect and record any of the radio- 
activity which may have seeped into 
the surrounding ground. 

Radiographs obtained with high 
energy gamma sources are in wide- 
spread use. Their advantage over 
X-ray machines is that as the sources 
are small, they can be used in posi- 
tions inaccessible to X-ray machines. 
As they are independent of electrical 
and water supplies they are well suited 
for field use and for awkwardly 
shaped materials (Fig. 1). A common 
application in the weaving industry is 
shown in Fig. 2. 


Medical uses 


The majority of isotopes produced 
go to the medical field, where they 


This static eliminator being used on a 
weaving machine has two uses. Fibres 
become electrified when passing through 
the loom. This static electricity is a fire 
risk and also attracts unwanted dust. 
Small beta sources are used to ionize 
the surrounding air and thus remove the 
electric charge (Fig. 2) 
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hove diagnostic, therapeutic and re- 
seorch applications. The use of intense 
garma ray sources, such as cobalt-60 
and caesium-137, for treating malig- 
naut growths is well known. Other 
clinical uses, also involving irradiation 
of growths, offer on-the-spot treat- 
ment. Suitable elements can be taken 
up by the areas requiring treatment 
which can then be irradiated from 
within. 

Application of isotope techniques 
has enabled a substantial contribution 
to be made to the knowledge of basic 
processes within the body and _ has 
allowed simple mathematical concepts 
to be applied to the dynamic state of 
body constituents. The sensitivity of 
the detecting devices used has meant 
that accuracy of measurement of min- 
ute amounts of substances has been 
increased by several orders of mag- 
nitude. Their value has been particu 
larly felt in the study of metabolic 
processes. Even when non-radioactive 
sister isotopes do not form body com- 
pounds, it is possible to use them as 
labels on compounds of interest as the 
extremely small amounts required do 
not have any appreciable chemical 
effect. 





A scintillation counter is used to plot 

accurately the area of the thyroid which 

has selectively taken up radioactive 
iodine (Fig. 3) 


The well-known application of I-131 
or 132 to the treatment and diagnosis 
of thyroid conditions has demonstra- 
ted the presence of previously undis- 
covered thyroid hormones (Fig. 3). 
Radioactive iron and sodium have 
been instrumental in the discovery of 
other new hormones. Another promis- 
ing application is the use of P-32 and 
latterly of Bi-206 for tumour localiza- 
tion. Phosphorus metabolism takes 
place at a different rate in tumour 
cells and needle counters can be used 
to plot the area accurately. 


Bulk irradiation 

With the availability of large-scale 
gamma-emitters in sight (by 1965 it is 
expected that 107 c/a of Cs-137 will 
be available from fission product sep- 
aration), industry is faced with the 
problem of whether to use these new 
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methods or machine-produced irra- 
diation. The question will in all prob- 
ability become one of economics. It 
is expected that electron accelerators 
will become more powerful and 
simpler and the main advantage that 
they offer is that they can be turned 
off when they are not being used. 

Bulk irradiation is mainly used (a) 
when it is desired to change the pro- 
perties of a material by altering its 
molecular composition and (b) when 
some unwanted property is destroyed 
or inactivated without affecting the 
body as a whole. In the first class, 
gamma radiation is able to induce re- 
actions at lower temperatures and 
pressures and, in some cases, without 
the need of a catalyst. In this field the 
common applications are polymeriza- 
tion and cross-linking of polymers, and 
vulcanization of rubber. In some in- 
stances, the results are novel products 
unobtainable by other means, or the 
irradiation results in improvement of 
physical properties. In the second 
class, a light dose of gamma irradia- 
tion may be used to inhibit sprouting 
potatoes and onions. Irradiation can 
be used to reduce bacterial popula- 
tions and so is useful for increasing 
storage life of foods. In these cases 
problems connected with unpleasant 
‘off-odours’ are being overcome. 
Bulk irradiation is also being used on 
a large scale for the sterilization of 
sutures and other surgical appliances. 
Antibiotics, which would be aversely 
affected by heat treatments, can b> 
successfully sterilized in this way. 

During the past year, two bulk irra- 
diation plants have been opened, one 
in the UK at Wantage and the other 
in Australia. The latter will be used 
for sterilizing goat hair against the 
anthrax bacillus. A pilot plant irra- 
diation facility has also recently been 
opened to demonstrate to manufac- 
turers the possibilities of machine 
produced irradiation. 


Agricultural uses 


It has been said that the outstanding 
future contribution of radioisotopes 
may well be in the field of agriculture. 
One half of the world’s population at 
present goes hungry and world popu- 
lation is rising. Radioisotopes can aid 
in the production of new and effective 
fertilizers by their use in growth and 
nutrition studies. Irradiation increases 
the natural mutation rate and pro- 
vides new and improved characteris- 
tics for the plant breeder. Strains of 
oats which are especially resistant to 
disease and wheats with short straw 
lengths have been developed by these 
means. It has already been successful 
in the fight against the screwworm fly 
and similar techniques are being used 





to control other insect pests which 
destroy animals and crops. 


A research tool 

Research applications are numer- 
ous and development work is naturally 
carried out into all the types of ap- 
plications mentioned. The main uses 
have been in the field of analytical 
chemistry ; complex mixtures can be 
analysed by means of the characteris- 
tic radiations given off when the 
material is activated; this method is 


This midget generator fuelled with 

polonium-210 was successfully operated 

in a vacuum and down to —100°C. The 

system, designated SNAP-3, is produced 
by The Martin Company (Fig. 4) 


far more sensitive than chemical ana- 
lytical techniques. The technique elim- 
inates the need for reagent blank cor- 
rections and has high specificity. In 
some cases direct readings of impuri- 
ties are possible. The technique — 
radioactivation analysis—is now an 
established tool and a symposium was 
held under the auspices of the IAEA. 

Another well-known research appli- 
cation is radioactive dating. Measure- 
ments of the C-14 content of archaeo- 
logical specimens enables them to be 
dated to within about 100 years. The 
C-14 with a half life of 5500 years is 
present in equilibrium amounts in the 
specimens and is assumed to decay 
when organic material contained in a 
plant or animal is incorporated into 
the specimen. The C-14 is produced 
by cosmic radiation via N-14. 


Isotope power 

One of the more exotic uses pro- 
posed for isotopes is for powering 
satellites and space probes. Isotope 
sources such as polonium-210 and 
cerium-144 are used to generate heat 
in the walls of a container in which 
are situated thermoelectric elements to 
produce electricity directly (Fig. 4). 
The device offers advantages over the 
solar cell as it is not affected by micro- 
meteorites, will operate in the shadow 
of the sun and has no moving parts. 
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A large industrial demand has not materialized 
despite the promise of substantial savings 


Industry neglects radioisotopes 


by SIDNEY HOLLANDS, B.Com., News Editor, Nuclear Power 


Mo rHAN £1000 an hour could be 
saved by British industry if it 
applied, in full, known radioactive 
techniques. This is in addition to 
present savings estimated at £3-5 mil- 
lion annually now achieved by firms 
using isotopes. Within 25 years time, 
provided there is general use by in- 
dustry, the savings could rise to £70 
million yearly. Furthermore, these 
figures are based on present known 
applications in a field which is com- 
paratively undeveloped and one in 
which the list of potential develop- 
ments and savings seems limitless. 

Yet, on the whole, there has been 
a disappointingly quiet response from 
industry. The Atomic Energy Author- 
ity’s sales in 1959-60 were valued at 
£1-1 million of which 60% went to 
overseas markets. Of the 35,000 deliv- 
eries made during that year, 50°, went 
to medical users and 15% (25% of the 
total value) went to industry. 

Various theories have been put for- 
ward for the slow growth of the 
industrial market. One is that wider 
use has been held back by innate con- 
servatism, prejudice and ignorance 
both of the applications of radio- 
isotopes and of the legal and insurance 
problems involved. It was partly to 
overcome this difficulty of making 
contact with industry that the AEA 
opened its Isotope Information Bureau 
last year. The Authority also has an 
Industrial Liaison Group whose staff 
visit industrial areas to demonstrate 
the potentialities of radioisotope 
applications in commercial processes. 


Legal aspects 

On the legal and insurance side, 
there is no reason for industrial firms 
to fear hold-ups because of ‘ red- 
tape’. There is, for instance, no legis- 
lation at present making it compulsory 
for factories to inform the authorities 
of their intention to use radioisotopes. 
This position will change when the 
Factory (Ionizing Radiations) Special 
Regulations become law; it will then 
be compulsory to give one month’s 
notice of the intention to install sealed 
sources or X-ray machines. Also in 
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preparation is a draft code governing 
the use and installation of unsealed 
sources which will take much the 
same lines. In the meantime, however, 
the Ministry of Labour ask firms to 
notify their local district inspector of 
factories of their intention to use 
isotopes. 

The present position for insurance 
is broadly that no special provision 





Increased interest is being shown in 
the use of radioisotopes, with en- 
quiries at the AEA’s Isotope Infor- 
mation Bureau running at the rate 
of about 90 a week. However, much 
needs to be done before savings 
estimated at £14 million a year can 
be achieved by British industry. The 
present figure is nearer £4 million 
with the AEA business in isotopes 
running at about £1-1 million 











is made where low-level radiation 
sources are used. No change is expec- 
ted in this attitude though the field of 
atomic energy insurance is being re- 
viewed in a report under preparation 
by an advanced study group of the 
Insurance Institute of London. For 
megacurie sources and large irradia- 
tion facilities, individual provision is 
made by insurance companies. 


Economic advantages 


A further theory advanced is that 
the economic advantage of radioiso- 
tope use is difficult to estimate and, 
as such, has given rise to reports that 
the benefits have been below expecta- 
tions. This theory has some basis when 
linked to uses such as research and in- 
vestigation and when these materials 
are used for ‘ once-only’ applications 
such as the search for pipeline block- 
ages—uses which do inhibit the growth 
of the market. But when considered 
against the main industrial uses of 
radioisotopes — thickness gauging, in- 
dustrial radiography and research and 
process control—this theory fails. 

Though no recent detailed cost figures 
have been produced in the UK on the 
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savings these achieve—the AEA esti- 
mate is £3-5 million a year—the US 
National Industrial Conference Board 
in a report in November 1959 pro 
duced a table showing the estimated 
annual savings of 595 companies. The 
total was given as just under $40 mil- 
lion with savings in the petroleum in- 
dustry given as nearly $12 million, in 
the chemical industry as $4°5 million 
and in paper and allied products as 
$2°8 million. The Board also pointed 
out that the total economic value oi 
radioisotopes in industry ‘cannot be 
accurately assessed. A product which 
is materially improved may not onl, 
return a higher profit to the make: 
but may contribute lower costs and 
higher values to those who use it or 
resell it’. 

In the meantime, new applications 
are being found for isotopes for the 
industrial potential has hardly been 
tapped. One possible use being dis- 
cussed is in the field of automation. 
Many plants may well become com- 
pletely automated through the develop- 
ment of ultra-sensitive radiation detec- 
tion instruments for use with very low 
levels of radioactive materials. There 
is also the possibility of further large- 
scale applications of radioactive tech- 
niques for sterilization purpos’s such 
as that used in the plant bu'lt in 
Australia by the AEA for sterilizing 
goat hair for a carpet manufacturer. 

But the basic problem still remains 

-that of getting a more widespread 
acceptance by industry of this new 
technique. And industry itself must 
make the major effort towards finding 
a solution. As Sir Hugh Beaver, then 
the acting president of the Federation 
of British Industries, said when the 
AEA Isotope Information Bureau was 
opened ‘. . . here is a weapon which 
can be used probably in every sort of 
production creation and activity in 
this country . . . If we cannot show 
ourselves more competitive than the 
rest of the world, more able to use 
new methods and techniques, then our 
way of life and our standards of living 
and our supremacy in the industrial 
world is challenged and will go’. 
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In-rease in pressure vessel plate thickness has made 
weid inspection difficult. Current techniques are 
evaluated with special reference to linear accelerators 


Electron accelerators 
for site radiography 


by R. F. HANSTOCK, Ph.D., F.dInst.P., UKAEA, Development 
and Engineering Group, R. & D. Branch Laboratories, Culcheth 


‘AS COOLED, graphite moderated reactors of the Calder 
Hall type and of more advanced types planned to 
operate at higher temperatures require large pressure ves- 
sels fabricated from steel plate by welding. The dimen- 
sions of some of the pressure vessels now under, or planned 
for, construction are given in Table 1, one dimension 
indicating that the vessel is spherical, two dimensions that 
it is cylindrical. Whilst the first civil power stations have 
pressure vessels built of three inch plate the thickness for 
the later stations has increased towards 4} in. Typically, 
the construction of each pressure vessel of a nuclear power 
station involves about 2500 ft of plate-to-plate butt weld- 
ing. 

Detailed inspection of the pressure vessels during their 
operational life is practically impossible, although certain 
arrangements may be made to assess indirectly deteriora- 
tion in properties of the steel. Examination of specimens 
subjected to fast neutrons shows that the most important 
effect on the steel is an increase in the tendency to brittle 
fracture, a mode of failure that is dependent on the 
presence of a notch or small crack for its initiation. 

However good the technique of inspection may be, it is 
not possible to discriminate between defects certain to 
cause failure and those which will not. Thus it is of first 
importance to establish welding techniques which give high 
quality welds. Defects revealed by inspection after welding 
by these approved techniques are then scrutinized by the 
inspecting authority responsible for deciding whether the 
welds are acceptable. This decision requires considerable 
experience to avoid, on the one hand, the vessel going 
into service with dangerously defective welds, and on the 
other hand, unnecessary welding repairs. The main infor- 
mation upon which to base this decision is provided by the 
radiographs of the welds, and the technique of radiography 
should be that best able to resolve defects. 

For the inspection of butt welds in pressure vessels up 
to three inches in thickness, radiography with fine grain 
film using equipment operating at voltages up to 400kV 
has been widely used and an acceptable standard of in- 
spection has been achieved. However, it is not possible to 
maintain this standard with 400kV equipment when the 
plate thickness exceeds three inches. 


Radiography of butt welds greater than 3 in thick 


The future for inspection of pressure vessels fabricated 
in plate thicker than 3 in depends on either the adoption 
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of an entirely different method of inspection or on the use 
of technically more suitable X-ray or gamma ray equip- 
ment. The use of such equipment on the site of construc- 
tion presents problems which have yet to be experienced 
fully. Although future development of ultrasonic methods 
may provide another method of inspecting welds in thick 
plate, wide experience of radiography favours the trial of 
radiographic sources providing high energy radiations, 
emitted either by radioactive isotopes or by targets bom- 
barded with electrons of MeV energies. 


Cobalt-60 sources 

Several cobalt-60 sources (half life 5-25 a) of kilocurie 
strength and specific activities of 30-40 c/g are being used 
by consortia constructing reactor pressure vessels. These 
sources emit gamma rays of 1-17 and 1:33 MeV energies 
and typically present emitting areas of 1-2cm diameter. 
When set up to give limits of geometrical unsharpness 
comparable to the standard normally applying in radio- 
graphy of 3-in plate with 400 kV equipment, exposure 
times of 1-2h are required with fine grain films for radio- 
graphy of 4-in plate. With these sources radiography of 
4-44 in plate is feasible to a standard not substantially 
different from that attained on 3-in plate using conven- 
tional equipment. Thus it is in comparison with cobalt-€0 
that high voltage X-ray sources must be judged. The con- 
tainer for a kilocurie cobalt source weighs about 3 tons 
and is 2-3 ft in diameter and 3-4 ft long. When an ex- 
posure is being made, the source is moved by remote 
control into a position within the container from which 
a cone of radiation can emerge. At the end of the timed 
exposure or in the event of a power failure, the source 
automatically returns to the safe position. The container 
and exposure mechanism is robust but not immune from 
damage. For site use, handling equipment is required to 


TABLE 1 Dimensions of some reactor pressure vessels 





LOCATION DIMENSIONS, ft 


Calder Hall 37 dia. 
Chapelcross 70 high 
Hunterston 70 

Berkeley 50 dia. 


80 high 
Bradwell 67 
Hinkley Point 67 
Trawsfynydd 61 
Dungeness 624 
Tokai-Mura, Japan 60 
Latina, Italy 66 
Windscale, AGR 21 dia. 
60 high 


PLATE THICKNESS, in 

















+ 5 


THICKNESS OF STEEL NcHES) 


Film densities for 2}-6in steel step wedge, integrated dose 
at one metre (Fig. 1) 


bring the container into position and to steady it during 
exposure. The provision of extra radiation shielding is a 
problem which is common to both the use of the multi- 
curie cobalt-60 source and other equipment producing 
X-rays of comparable energies. 


X-ray sources of MeV energies 

There are four types of machines for accelerating elec- 
trons to MeV energies and, with the provision of a target 
for bombardment, they serve as X-ray sources. These 
machines are the resonance transformer, the Van de Graaff 
generator, the linear accelerator and the betatron. A com- 
parison of the dimensions and weights of the various X-ray 
generators based on these four types has been given by 
Halmshaw and Pollitt(/). In all cases the unit emitting 
X-rays, i.e. the part of the machine that has to be brought 
into position to radiograph a weld is heavy and bulky, the 
smallest unit weighing about 1 ton and having approxi- 
mate dimensions 3 ft * 3 ft K 24 ft. 


Resonance transformer and Van de Graaff machines 


In the X-ray generators based on the resonance trans- 
former and the Van de Graaff generator the electrons are 
accelerated along a multi-section X-ray tube consisting of 
an evacuated glass tube containing electrodes in sequence 
at increasingly high potential so that the maximum voltage 
of the generator is applied over the tube length. The 
source of high voltage, generally 1-2 MV, is the secondary 
of the resonance transformer or, in the Van de Graaff 
machine, a fast-moving insulating belt which conveys elec- 
trostatic charge to the cathode of the X-ray tube. The 
target at the other end of the tube is bombarded by the 
accelerated electrons and transmits the X-rays that are 
produced. The tube is enclosed in a tank containing gas at 
high pressure to provide insulation against the total vol- 
tage applied. These machines, operating up to 2 MV, have 
already been used for radiography but at 2 MV output 
they are large and heavy and their X-ray output is not 
very much greater than that of kilocurie cobalt-60 sources. 


Linear accelerator and betatron 

The acceleration of electrons by potential differences 
greater than 2 MV introduces difficulties in providing in- 
sulation. In the travelling wave linear accelerator and the 
betatron these difficulties are avoided. 

Proposals to use linear accelerators for industrial radio- 
graphy were made by C. W. Miller (2) and the use of a 
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non-mobile unit generating 5 MV X-rays is reported b: 
Halmshaw (3). In the linear accelerator, electrons are in 
jected into a wave guide from an electron gun operating a 
about 50kV. A radio frequency wave, produced by : 
magnetron, travels along the wave guide which is designec 
to increase the wave velocity so that the electrons accelerat: 
in passing along the guide. Before reaching the target a 
the end of the wave guide they gain energy of severa 
MeV from the radio frequency wave which is thereby 
attenuated. The magnetron energizing the linear accelera 
tor is pulse operated by a modulator, a unit which may b: 
located separately from the accelerator. A typical linear 
accelerator operating at about 5 MeV has a wave guide 
one metre long and this, together with the shielding round 
the target and the pumps required to evacuate the wave 
guide, determines the dimensions and weight of the radio 
graphic unit. A very high output of X-rays (about 506 
r/min at 1 m) is obtained from a small focal spot. 

Betatrons give a reasonable X-ray output when energiz 
ing electrons to 15-30 MeV. 

In the betatron, electrons accelerated through about 
50 kV are injected to travel in a circular orbit in an evacu 
ated toroidal enclosure or * doughnut’ of glass or ceramic 
The circular orbit is maintained by a magnetic field 
directed perpendicularly to the plane of the orbit and 
acceleration is produced by increasing the strength of this 
field. The betatron may be considered as a transformer in 
which the electron orbit forms the secondary circuit. The 
electrons are injected as the field due to the primary 
current is rising from zero, circulating many times and 
gaining energy as the alternating field rises to its maximum 
during the first quarter-cycle. They are then deflected out 
of orbit to strike the target and produce X-rays. The 
typical output of X-rays is about one-tenth of the output 
from a 5 MeV linear accelerator. 


Suitability of high energy X-ray machines 

Although all the high energy machines that have been 
described are suitable for radiography of steel of the thick- 
nesses at present contemplated for the construction of 
nuclear pressure vessels, only Co-60 sources have been 
used in this country on nuclear power station sites. 

Two years ago Culcheth Laboratories of UKAEA re- 
viewed the desirability of introducing high energy machines 
for site radiography to reduce the exposure times required 
for radiography with cobalt-60 and to meet the possibility 
that in future reactors, pressure vessel thickness might 
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incr. ase to exceed the inspection capabilities of the 1:17- 
1:33 MeV radiations of cobalt-60. 

resonance transformer and Van de Graaff machines 
do appear to offer any marked advantages over cobalt- 
6( rces of high specific activity. 

\1 18 MeV model betatron, available as a mobile unit 
able to radiograph the thickest plates that are ever 
to be used. However, radiation of this energy may 
uce more inherent film unsharpness than radiation 
ver energy but adequate penetrating power. Although 
ent unsharpness can be compensated by a projection 

1ique which is practical with the betatron because of 

small focal spot it is considered that the modest output 
of this machine would result in a relatively low rate of 
radiography per foot run of weld, particularly if a projec- 
tion magnification technique is necessary. 

The penetrating power of X-rays from the 4—5 MeV 
linear accelerators is sufficient for radiography of pressure 
vessels of thicknesses not likely to be exceeded in the 
future. The output of these machines is attractively high, 
i.e. ten times that of the betatron and the effective target 
is small. Although rather heavy and bulky because of the 
pumping gear required for continuous evacuation, linear 
accelerators contain no fragile component that is expen- 
sive or difficult to replace. 


43 MeV linear accelerator for site radiography 

The UKAEA initiated design studies of a linear accel- 
erator for site use and, subsequently under a contract with 
the Authority, Mullard Equipment Ltd. developed and 
constructed a 4:3 MeV accelerator. This has now been 
delivered to the CEGB Trawsfynydd site to radiograph 
butt welds in the 34-in plate of the reactor pressure vessels 
of the power station being built there by Atomic Power 
Constructions Ltd.* This first use of a linear accelerator 
by site contractors will, it is hoped, provide an assessment 
of the serviceability of the equipment and resolve the 
problems of handling and radiation shielding that may 
arise during its use. 

Preliminary off-site tests of plate welds of 3-4} in have 
shown that no marked improvement is to be expected in 
the resolution of defects shown in radiographs taken by 
the linear accelerator, as compared with those taken by 
a multicurie cobalt-60 source using the best radiographic 
techniques for these thicknesses of steel. On the 34-in plate 
of the Trawsfynydd pressure vessels the main advantages 
of the linear accelerator should accrue from its high out- 
put which, besides shortening exposure times, will allow 
considerable freedom to choose operating distances that 
are most convenient for the site conditions. The technical 
superiority over the multicurie cobalt-60 source should be- 
come more apparent when the linear accelerator is used to 
examine pressure vessels fabricated in thicker plate. 

At the front of the head is a radiation shield surround- 
ing and extending beyond the target and carrying rotat- 
able field-limiting shutters. The shielding is such that 
at | m to the side of the target the intensity of. radiation 
falls to 004%, of the intensity in the radiation beam at 1 m 
in front of the target. The X-ray field at 1 m is 30 cm dia.., 
the intensity at the periphery being about ; of the intensity 
at the centre of the field. An optical projector is mounted 
on the shield to direct a light beam through the shutters 
on to the plate being examined, thus defining the area 


“the accelerator is described on p. 90 of this issue. 
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3 
THICKNESS OF STEEL (INCHES) 


Penetrameter sensitivities, 2-6in steel, for 4:3 MeV linear 
accelerator using fine grain film (Fig. 3) 


irradiated by the X-ray beam. Within the shield and in the 
radiation beam are the ion chambers which measure the 
X-ray output. The X-ray head is 8 ft 9in long by 4ft 9 in 
wide and 5 ft high, and weighs 2 tons. 

The control cabin contains the modulator and controls, 
the dose rate and integrated dose meters, and the Castell 
safety interlocks. 

Proving trials indicated a maximum output of not less 
than 600 r/min at one metre. Radiographs of a steel step 
wedge varying in thickness from 24—6in gave the density 
plots shown in Fig. 1 for several exposures measured as 
rontgens at one metre by the integrated dose meter. The 
film to focus distance in this test was 10 ft and the film 
Kodak Crystallex with 0-005 in front and 0-006 in back 
lead screens. The average half value layer calculated from 
the 2:5 density intercepts in Fig. 1 is 0-95in of steel. 
Figure 2 shows an exposure chart derived for Crystallex 
film to density 2°5 with an F.F.D. of 10 ft. For a nominal 
output of 500 r/min at 1 m the exposure time to a density 
of 2°5 for 6in of steel at 10ft F.F.D. is approximately 
34 min on Crystallex film. 

Penetrameter sensitivities for fine grain films and steel 
thicknesses within the range 2-6 in are shown in Figure 3 
for D.I.N. and B.W.R.A. penetrameters. 


Conclusions 

The future of radiographic inspection of butt welds in 
nuclear pressure vessels built of plate thicker than 3 in 
depends on the use of high energy radiations either from 
cobalt-60 or from special X-ray machines. Of the latter a 
4:3 MeV linear accelerator and an 18 MeV betatron are 
available in forms suitable for site trial. The linear accel- 
erator although less compact than the betatron has an 
output 10 times as great as the betatron and the cobalt 
sources at present in use. The linear accelerator allows 
short exposures and considerable freedom to choose 
F.F.D’s that are convenient for site conditions. 
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A wide range of existing facilities and some new con- 


cepts were presented to delegates from many countries 


Eighth Conference on 










Hot Laboratories and Equipment 


RECORD NUMBER of 135 abstracts 

was submitted for consideration 
by the Programme Committee and 52 
of these were finally accepted and are 
published in full in the Proceedings of 
the conference (TID7599). Forty of 
the papers were presented at the con- 
ference which consisted of six sessions. 
Whilst most of the papers were from 
the USA there were contributions 
from the UK, France, Germany, 
Belgium and Italy. 


Hot laboratory facilities and hot cells 


The first two sessions dealt with 
Hot Laboratory Facilities and Hot 
Cells ; the range of facilities described 
was wide indeed as evidenced by the 
Site 401 Disassembly Facility (3) at the 
University of California Radiation 
Laboratories on the one hand and the 
alpha beta gamma metallurgy cell at 
Dounreay (5) on the other. 

In the former, remote adjustment. 
component replacement and complete 
disassembly of a whole reactor sys- 
tem (Tory If) is projected. In the lat- 
ter, small alpha gamma active speci- 
mens are subjected to delicate physi- 
cal and mechanical testing in an inert 
atmosphere. 

A new and ambitious approach to 
the problems of working with highly 
radioactive materials was described in 
the paper ‘Hot-area concept for 
radiation test facilities * (2). Instead of 
the conventional hot cell design in 
which cell size is kept to a minimum, 
a large shielded area 60 ft by 100 ft is 
used and manipulation is by means 
of a robot mobile remote handler 
equipped with two mechanical arms 
and two television camera eyes (Fig. 
1). A robot radio-controlled tug and 
robot fork truck are also used. 
The cost of the robot mobile remote 
handler was about £30,000 and since 
at least two such robots would be re- 
quired to guard against breakdown as 
well as to ensure fuller utilization of 
so large a shielded area, the capital 
costs of such a facility must be large. 
However, advantages in flexibility, 
available area, transfer operations, 
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ventilation and safety are claimed in 
addition to economies in both con- 
struction and operational costs. Thus, 
despite the difficulties inherent in the 
development of this concept, it is by 
this kind of effort that major advances 
in high activity handling methods can 
become practical propositions. Similar 
ideas are receiving serious considera- 
tion elsewhere. In the design of the 
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The Eighth Conference on Hot 
Laboratories and Equipment was 
held at San Francisco, California, in 
December. It was the first in the 
|} series to be organized by the 
formed Hot Laboratory 
Division of the American Nuclear 
Society. Previous conferences were 
sponsored by the USAEC and the 
US National Laboratories in 1951, 
1952 and 1954, the USAEC and ANS 
in 1955 and the ASME and AIChE 
in 1957 and 1958. 


recently 








Argonne Chemistry Hot Laboratory, 
although the initial operation will uti- 
lize immediately available manipula- 
tors, one of the design criteria was 
that it should be such as to allow the 
use of robots later (/0). 

A further feature which has not 
been exploited in previous hot cells is 
the two or more storey type of struc- 
ture. This system with a two storey 
complex is described in the paper on 
the Argonne Chemistry Hot Labora- 







—— 


ay 
The mobile remote im 
handler (see ref. 2) Hf 
(Fig. | a s 
g. |) 5% 
V4 


S 


by E. EDMONDS, B.Sc. (Hons. Met.), High Activity Building Manager, DERE 





tory. The hot cell system of the Bel- 
gian high flux materials and engineer- 
ing test reactor (9) has a unique verti- 
cal stacked arrangement with opera- 
tions on some seven floors. This 
arrangement was dictated more by the 
requirements than the inherent advan- 
tages of a stacked hot cell. 

In contrast to the majority of 
papers, one from the Agricultural and 
Mechanical College of Texas (//) des- 
cribed a high level gamma irradiation 
facility with three modes of operation 
designed to provide dose rates from 1 
to greater than 10°r/h. The first con- 
sists of a semi-circular field with a 
radius of 150 ft to provide chronic 
irradiation to plants and animals sta- 
tioned in the field. The second allows 
samples to be placed in the intense 
irradiation field in the centre of the 
source while the third permits larger 
samples to be placed by means of a 
cart in a tunnel located within the 
facility shield and provides access to 
dose rates from 65 to 5000 r/h. 


Manipulators and viewing 

The third session of the conference 
was devoted to General Purpose 
Manipulators and Viewing. The first 
paper described a small mobile mani- 
pulator built at a cost of about £3000 
for research on high energy solid roc- 
ket propellants where remote opera- 
tion is necessitated by explosion rather 
than radiation hazards (/9) The op- 
eration of the manipulator was demon- 
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st: ced very successfully by a colour 
ci: ~ film with a dramatic ending when 
the ‘robot’ unplugged the camera. A 
se.ond mobile manipulator using a 
radio controlled base was next dis- 
cussed. With this, trailing leads are 
eliminated and the manipulator power 
is connected after the base has posi- 
tioned it in the cell where it is to be 
used. The cost of the unit was given 
as about £4000. 

\nother paper describes a radiation 
stable heavy duty electromechanical 
manipulator in which radiation effects 
are minimized first by careful choice 
of materials and secondly by locating 
all motors, except the bridge drive 
motor, in the carriage at bridge height 
(20). This means that they are in a 
radiation field lower by a factor of 
10-100, they can be shielded with up 

» 4in of lead with little expense to 
ihe power requirements of the mani- 
nulator and also remote maintenance 
is possible by the replacement of units. 

A final paper on manipulators des- 
cribed a highly complex electrohy- 
draulic bilateral servo manipulator in 
which the operator wears a harness 
over his hands and arms (22). The nor 
mal arm, hand and finger motions 
actuate electrohydraulic transducers so 
transmitting control signals to the slave 
and reflecting slave forces to the oper- 
ator. Whilst each arm is capable of 
lifting 751lb in its weakest pos tion. 
complicated movements such as finger 
and thumb bend and curl are also 
provided. 

The final paper in this session des- 
cribed the remote viewing techniques 
in use at the Atomics International 
Experimental Test Facility (23). Be- 
cause of the anticipated high neutron 
flux to be emitted by reactors running 
in these cells. windowless viewing is re- 
quired. To meet this requirement, con- 
siderable development of closed cir- 
cuit television equipment has _ been 
carried out. In the cell primary view- 
ing is by means of a traversing tele- 
vision system. In operation, two 
cameras mounted on adjacent walls 
are traversed to that point at which 
each camera is aligned on the object 
being observed. The right angle views 
obtained are displayed on adjacent 
monitors in the control console and it 
is Claimed that this rectilinear display 
has been found to be ideal for use in 
directing a rectilinear manipulator. 
rhe system requires a television oper- 
ator controlling the cameras and asso- 
ciated equipment in unison with the 
manipulator operator and would seem 
to impose the need for very rigid 
operator discipline. In addition to the 
traversing system, a miniature vidicon 
camera measuring only 2°6in square 
by 74in long exclusive of the lens has 
been developed. This has been used 
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The high activity 

examination  build- 

ing at Dounreay 
(Fig. 2) 


attached to the forearm of the recti- 
linear manipulator and also attached 
to a mechanism which penetrates the 
roof of the cell through a vertical! 
stepped port. No operational exper- 
ience of camera lens browning du 
to irradiation, or the development of 
radiation resistant stabilized glass 
lenses was available. 


Operation of hot facilities 

The experience gained by the mana- 
gers of hot facilities was dealt with in 
the fourth session and for this dis- 
cussion, the two papers from AERE 
given in session one are considered 
under this heading (4, 7). Since the ulti- 
mate goal of all hot cell facilities and 
equipment is to operate successfully on 
active materials, this was perhaps the 
most interesting part of the confer- 
ence. Together with numerous lines of 
parallel development in operating 
techniques and procedures, some im- 
portant variations between different 
laboratories became evident. 

The first paper described the opera- 
tion of a plutonium hot cell at the 
Los Alamos Scientific Laboratory (25) 
and it is valuable to compare the tech- 
niques used with those in use or pro- 
jected elsewhere. The basic principle 
is to set up the experimental appara- 
tus in a hermetically sealed box. After 
installation and testing of the equip- 
ment, a trial run is performed on a 
“mock up’ stand. When this is satis- 
factory the box is transferred into 
the shielded cell, services are con- 









nected up and the experiment con- 
ducted on the active material. This 
coincides in many ways with the prac- 
tice at AERE Harwell. Here, stainless 
steel boxes are used instead of pers- 
pex, the shielding is lead instead of 
concrete, manipulation is by ball-tongs 
in place of master slave manipulators 
and posting utilizes high frequency 
welded plastic bags as opposed to the 
sealed can technique. General break 
down, metallographic and other meth- 
ods of testing such as gas samplings 
are very similar. The manipulator 
gaitering system described in the plu- 
tonium hot cell paper suffers from the 
disadvantage that although manipula- 
tors may be changed with some diffi- 
culty by gradual withdrawal as the box 
is remotely moved through the rear 
door of the cell, no remote change of 
gaiters is possible. Despite the difficul- 
ties the cell has operated on irradiated 
plutonium reactor fuel specimens of 
up to 200 to 300 MeV curie activity 
levels for one year. In the paper in 
Session I on operations in the high 
activity handling building at Harwell 
(7) and that in Session IV on the in- 
spection of irradiated materials at 
Dounreay (29), operational experience 
in two very similar types of British 
facilities were described. Perhaps the 
greatest interest was displayed in the 
hot radiography methods developed in 
the UK but not employed in any of 
the other facilities described at the 
conference. Whilst the gamma scan- 
ning technique used in many US hot 
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facilities is undoubtedly a useful tool, 
particularly in the selection of speci- 
mens for burn up analysis, it can only 
be considered to supplement and not 
replace radiography. It is of the utmost 
value to be able to non-destructively 
check the integrity of a rig after a 
period of irradiation. By suitable radio- 
graphic techniques this can be accom- 
plished and the rig returned to the 
reactor for irradiation to a _ higher 
burn up. 

The UK methods of manipulator 
gaitering utilizing an alpha wrist seal 
developed at Harwell appear to offer 
some advantages particularly with re- 
gard to the restriction of contamina- 
tion spread during manipulator chang- 
ing. 

In a frank appraisal of both the 
advantages and disadvantages which 
had come to light in the operation of 
the Components Development hot 
cells at Atomics International, the 
author raised some very pertinent 
points (28). In a plea to hot cell design- 
ers it was suggested that operating 
areas were inevitably required to house 
large quantities of control equipment, 
and to facilitate working should be 
as large as possible. Considerable 
shielded storage space for contamin- 
ated equipment not in continuous use 
is necessary. The ‘mock up’ area for 
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facilities and hot cells 
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proving equipment before installation 
in cell, and the manipulator mainten- 
ance area had both proved to be in- 
valuable. General waste handling and 
liquid waste disposal deserve the most 
careful consideration in hot cell de- 
sign if operation is to be efficient. A 
most difficult problem, which can only 
be solved as more data is collected, 
is that of cost accounting. In a hot 
facility some 20 or more jobs may be 
in hand at any one time and sinc2 
procedures and requirements con- 
stantly vary as tests proceed, accurate 
estimation of costs is most complex 
and time consuming. At Atomics 
International a mechanical accounting 
system is being considered to locate 
weak spots in operational methods 
and to accumulate data for future 
estimating. As a result of several years 
operating experience the author of the 
paper on the Battelle Memorial Insti- 
tute Hot cell facility presented some 
interesting information on breakdown 
of time spent between various opera- 
tions such as waste handling, testing, 
decontamination etc. and it is appar- 
ent that accounting is likely to assume 
an increasing importance as the hot 
cell business develops towards com- 
mercial competition (27). Since decon- 
tamination always occupies large 
amounts of operational time the paper 
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on the use of solvent soluble films in 
decontamination suggests notable pos- 
sible savings. Experience over a 3 year 
period has proved that equipment 
coated with Flo-master ink before 
contamination can be decontaminated 
from greater than 20r/h to 20mr/h 
by removing the film with a suitable 
organic solvent. 


Specialized equipment 

Here, the description of the remote 
assembly of reprocessed fuel sub- 
assemblies for the Experimental 
Breeder Reactor No. II at Argonne 
National Laboratories illustrated the 
complex type of operation possible by 
remote control. Equipment for the re- 
mote construction of reactor core sub 
assemblies in a radiation field of 10° 
r/h and with a fission product heat 
output of 8W from each of the 92 
pins in the subassembly was illusirated. 

Finally, an excellent colour cine 
film showed modification: and repair 
of the Homogeneous Reactor Experi- 
ment —2 core vessel (43). Working 
under conditions of extreme physical 
limitation and radiation hazard, the 
core vessel was inspected, measured, 
cleaned and two holes in it repaired. 
Some remarkable viewing, manipula- 
tion and machining equipment was 
developed for the purpose. 
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Glovebox design and specialized equipment 
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al (ANL) 
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and Sleeves —H. P. Cantelow, L. E. 
Miles, B. D. Abram (UC-B) 
Alpha-Gamma Containment Box—C. H. 
Youngquist et al. (ANL) 

. *Description of the High Activity Gam- 
ma Spectroscopic Analysis System at 
Handford—W. H. Zimmer (GE-HAPO) 

.*Facilities at Hanford for the Manufac- 
ture of Plutonium Ceramic Fuels—J. B. 
Burnham, Jr. (GE-HAPO) 

. *Simplified Filter Change without an In- 
terrupted or Unfiltered Exhaust—R. A. 
Blomgren (ANL) 


*For publication in ‘o Seoesedinns. 


NUCLEAR POWER February 


1961 





No Nuclear Power Reactor Data Sheets were returned from 
Russia for the January World Reactor Chart, but in his first 
art'cle for a technical periodical outside Russia the head of the 


Aiomic Energy Committee gives new details of his programme. 


REACTORS 
IN THE SOVIET UNION 


by Professor VASSILY EMELYANOV, Chairman, Atomic Energy 
Committee, USSR Council of Ministers 


HE SOVIET UNION has huge re- 
eae of fossil fuels—coal, oil, 
and natural gas. It also has large 
resources of water power, especially in 
Siberia. Therefore, it is only natural 
that the current Seven-Year Plan con- 
centrates mainly on thermal power 
plants and hydro-electric stations. In- 
deed, the share of atomic power is a 
modest one in the plan. The point is 
that the Soviet Union does not cur- 
rently seek to augment the country’s 
power supply through large atomic 
power plants. 

The objective rather is to study and 
test various types of nuclear power 
reactors and to determine in this way 
which of them are most promising 
technologically and economically. The 
short-term plans for research work 
have been drawn up accordingly. 
wide diversity of 
approach, scale and progress in the 
nuclear reactor field in the Soviet 
Union. Research, development and 
engineering power reactors, 
traction reactors, and marine propul- 
sion reactors in particular. 


There is a 


covers 


POWER REACTORS 


Apart from the two operational 
nuclear power stations, the first com- 
pleted in July 1954, and the second 
commissioned in Siberia in September 
1958, two more major nuclear power 
stations are being built; at Beloyarsk 
in the Urals and near Voronezh. Also, 
Soviet specialists are co-operating with 
Czechoslovakian and East German 
Scientists and engineers in the con- 
struction of two more nuclear power 
stations in Czechoslovakia and in the 
German Democratic Republic. 

The reactors to be installed at the 
Stations now under construction differ 
both in design and power output. 


Voronezh reactor 


his will be a 760 MWt output reac- 
tor using light water both as the heat- 
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transfer agent and moderator. The 
active core of the reactor is enclosed 
in a pressure vessel 2°5 m (8-2 ft) high 
and 3m (9-8ft) in diameter. The 
active core is made up of fuel ele- 
ments held in tubular cans. 

The fuel elements are rods 10°2 mm 
(0-44 in) in diameter with a uranium 
dioxide slug 88mm (0:35 in) in dia- 
meter. The active length of the fuel 
elements is 25m (8:2 ft). Both the 
elements and cans are clad with nio- 
bium-zirconium alloy. The fuel is 
1:5°% enriched uranium. 

Heated to 250°C and compressed 
to 100 atmospheres, the water leaves 
a steam generator to enter the annular 
slot between the reactor shell and 
active core. Flowing down, it then 
washes the fuel elements in an upward 
flow and emerges from the reactor 
heated to 275°C to be fed into the 
steam generator again. The inlet steam 
pressure in the turbine is 29 atmos- 
pheres. 


Beloyarsk reactor 

It is similar in design to the First 
Station reactor, but its output is 285 
MWt. 

The reactor is a large block of gra- 
phite with an active core 6m (19:7 ft) 
high and 72m (23-6ft) in diameter, 
pierced with vertical channels which 
hold steel pipes with fuel elements 
inside them. 

The channels are identical to their 
counterparts in the first station reac- 
tor. As distinct from it, about three- 
fourths of the fuel elements in the 
Beloyarsk reactor are cooled with 
boiling water, and the rest with steam 
supplied by the steam generator. The 
fuel is 1-5% enriched uranium; the 
steam from the reactor enters the tur- 
bine pressurized to 90 atmospheres. 


Czechoslovak reactor 


The reactor has a heat output of 
590 MW. The moderator is heavy 


water, while carbon dioxide com- 
pressed to 60 atmospheres serves as 
the heat-transfer agent. The active core 
is enclosed in a steel shell 19 m (62:3 ft) 
high and 5 m (16-4 ft) in diameter. The 
wall in the cylindrical section is up to 
140 mm. The reactor ‘ burns’ natural 
uranium. Carbon dioxide enters the 
reactor at about 100°C and leaves it 
heated to approximately 425°C. 


East German reactor 

The heat output of the reactor is 
265 MW. Light water acts as both the 
moderator and coolant. The core is 
shielded with steel, and the tempera- 
ture of the incoming water is 250°C 
and of the outgoing water, 267°C. 

The fuel is uranium oxide enriched 
to contain up to 1°5% uranium-235. 

The fuel elements are clad with 
niobium-zirconium alloy. 


REACTORS IN ‘LENIN’ 

The nuclear reactors installed on 
board the ice-breaker Lenin use light 
water as both the moderator and cool- 
ant. Each reactor is rated at 99 MWt 
output. The reactor is enclosed in a 
steel vessel which also acts as a com- 
ponent of the biological shield. 

The reactors’ structural elements 
are designed to withstand high internal 
pressures and simultaneously meet a 
requirement vital for an icebreaker— 
to stand heavy vibration and impact 
loads, rolling and pitching. 

The reactor is a vertical cylinder 
holding the active core and control 
rods. The outside diameter of the 
reactor vessel is 2m (6°56 ft), while 
the height is 5m (16°4ft). On the 
inside, the vessel is plated with stain- 
less steel to protect it against the cor- 
roding action of extremely hot water. 

The fuel is uranium oxide enriched 
to contain 5% of uranium-235. Water 
enters the reactor at 248°C and leaves 
it at 325°C. The fuel elements are clad 
with zirconium alloy. 

In 1960, the ice-breaker Lenin madz2 


75 

















































































































































































































































































































































































































































































































her maiden voyage in the Arctic 
ocean and stood up well to the rigours 
of the North. Further efforts in the 
field of nuclear propulsion will be 
made after the experience of the 
Lenin has been thoroughly analysed. 


RESEARCH, TRAINING, ETC. 

A whole range of reactors have 
been developed in the Soviet Union 
for research, isotope production, test- 
ing of materials, and training pur- 
poses. Most of them were reported at 
the Ist and 2nd Geneva Conferences. 

Two types of these reactors—the 
VVR and the ITR-1000—have been 
built both in the Soviet Union and in 
some other countries. 

Outside the Soviet Union, VV reac- 
tors have been built in Poland, 
the German Democratic Republic, 
Rumania, Czechoslovakia, and Hun- 
gary. A similar type will be soon com- 
pleted in the United Arab Republic. 

The first IRT-1000 reactor was built 
at the Atomic Energy Institute in 
Moscow. The official inauguration 
ceremony was held in November 1957 
when Professor F. Perrin, the French 
High Commissioner for Atomic 
Energy, started the reactor. 
Currently, another IRT-1000 reac- 


tor is nearing completion in Bulgaria. 
Ground has been broken for a similar 
reactor in Iraq and a contract for 
another has been signed with Indonesia. 

In a water-water reactor, light water 
serves as both the moderator and cool- 
ant. Soviet designers have developed a 
whole family of these ranging in heat 
output to 10 MW. 

The IRT-1000 swimming-pool reac- 
tor uses uranium oxide 10% enriched 
in uranium-235. Originally its heat 
output was 1 MW. At present, its rat- 
ing has been raised to 2 MW. 

Among research reactors, mention 
should be made of three units using 
heavy water as the moderator and 
natural uranium as fuel. One of them, 
rated as 2-5 MWt output, has been 
installed at the Institute of Experi- 
mental and Theoretical Physics in 
Moscow, another in People’s China, 
and the third in Yugoslavia, with a 
heat output of 10 MW. 


OTHER REACTOR TYPES 

A good deal of attention in the 
Soviet Union is devoted to fast reac- 
tors. The greatest advantage of this 
type of reactor is that uranium is 
completely utilized. Practically all of 
uranium-238 is turned into plutonium. 





Another advantage of fast reactors is 
the possibility of using thorium. 

The first zero-power fast reactor in 
the Soviet Union was built over six 
years ago. Another fast reactor rated 
at 5 MW heat output was started at 
the First Atomic Power Station in 
July 1958. Design work has been com- 
pleted on a fast reactor of 50,000 kW 
electric power output. 

Research and development is also 
well ahead on still other types of reac- 
tors in which use will be made of 
organic and gaseous coolants, with 
fuel in the form of solutions, suspen- 
sions, gas, etc. 

Apart from reactors used for funda- 
mental and applied research in phy- 
sics, much headway has been made in 
the field of reactors employed for 
testing structural materials. Special 
emphasis to date has been laid on the 
response of austenitic stainless steel, 
zirconium alloys and low-carbon steels 
to irradiation. : 

The construction and operation of 
large atomic power plants coupled 
with further research and development 
will enable Soviet scientists to draw up 
a realistic plan for building reactors to 
be used in power generation as well 
as for traction and propulsion. 





OUTPUT 


NAME AND MAX _ 
LOCATION Thermal, MWt NEUTRON 
Net. MWe FLUX, n/cm’s 


(No. of reactors) 


(Thermal) 


SOME RUSSIAN DESIGNED REACTORS* 


COOLANT 
type, pressure, 
(Ib/in*? a) temp. 


FUEL 
type, wt. (U-235 
where enriched) 


TURBINE 
CONDITIONS 
temp (°C) 





~ DATE CRITICAL (actual or 
estimated), MODERATOR 
AND NOTES 


(enrichment) form, (°C)—in, out. Flow press. (Ib/in* a) 


(Ib/min),(heat 
exchangers) 


cladding 
(cladding temp., °C) 





Power reactors 


APS-1,Obninsk, 30 Se (1) 5S « 10% 


Moscow 


Siberian power 600e (6) 
station, Troitsk 

VVER-210, 
Voronezh 


Beloyarsk, 
Urals 


1140t 400e (4) 


KS-150 
Czechoslovakia, 
Bohunice 


$90t 150e 


Atomkraftwerk1, 265t 70e (1) 10° 


Neuglobsaw, 
E. German 
Republic 
Lenin 180t (2) 


Research reactors 

IRT-1000 2 1- 
Atomic Energy 
Institute, 
Moscow 


VVRS 2 2x 10° 


Atomic Energy 
Institute, 
oscow 


TVRS 10 74x 10% 


Peking, China 


*Figures in this table are taken from Prof. Emelyanov’s article above, Nuclear Power data sheets 
completed by the operators for Atomkraftwerk-1, VVRS and TVRS, and the latest published figures 


15201 420e (2) 10' 


nN 
x 
= 






U/9% Mo/12% Mg H,O, 1420, 190, 300 
(by wt.) (5%), tubes, 


ss 
Nat. U, 200t, Al H,O, —, 220 


UO, pellets, 40t, H.O, 1470, 250, 
(1°5%), rods 10°2mm _ 275, 1,000,000 (6) 
dia., Nb-Zr 
U, 90t, (1°5%), tubes boiling H,O, 2100, 
355 superheat 1470, 
530 


nat. U pins, Mg/Be CO., 885, 100, 425, 
alloy 210,000 
UO, (1°5%), pellets H.O, 1470, 250, 
in rods, Nb-Zr 267, 426,220 (9) 


UO, pellets, 85 kg, H.O, 2850, 248, 
(5%), Zr alloy 325, 36,670 


UO, (10%) H.O 


U, 6 kg (10%), H.0, —, 34, 36, 
rods, Al (95) 36,600 

U, 340 kg (2%), D.O, 40, 58, 
tube, Al (90) 390 m*/h (2) 


1805, —, 7 Cc; 





*54,C; has operated boiling and 
with superheat 


Ist reactor critical 


-, 29 atmos. ’61,H.O; active length of fuel 


480, 


400, 
180, 


135, 


310, 


elements 2°5 m 


1320 61, C: similar to APS-1. Three- 
quarters cooled by boiling 
water the rest by steam. Active 
core 6m high, 7-2 m high 

29 atmos. °65,D,O; Dual pressure steam 

2 atmos. 


*62, H.O; Core shielded with steel 
29 atmos. 


*59, H.O; full power 44,000 s.h.p. 
One spare reactor 


57, H.O; also in Sofia "61, Iraq 
(cons, started), and Indonesia 
(contract signed) 


*53, H.O, pool type; 05 x 0°Sm 
core, elements 500mm X 6mm 
dia., 16 rods per element. For 
training isotopes, physics and 
biology experiments. 

Also in Prague °57; Dresden 
°57; Warsaw °58; Budapest 
60: Egypt °61(?) 

58, DO, R:C (261), 130 mm 
square lattice, 84 rods (1200 
mm long), control rods: 7 
shim, 2 automatic, 2 safety. 
Also in Belgrade °59. 
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r IS AN ESTABLISHED fact today that computers are an 
| indispensable engineering and operational aid. Analogue 
: computers are finding increasing use for dynamic compu- 
3 tation work and real time simulation in reactor engin- 








eering (/-/7). For this reason a special purpose computer 
is has been developed by the authors’ Company. This com- 





puter consists of a special and a general purpose section, 
(/3, 78). The special purpose section contains basically a 


neutron density computer (reactor power)’ and a ‘ xenon 







poisoning computer’ whilst general purpose units are used 
for heat transfer computation and other auxiliary specifi- 
cations. The accuracy of utilizing amplifiers with summing 
and integrating components has been examined (/7) and 
it was therefore only necessary, because of their circuit 
complexity, to analyse in detail the kinetic and poisoning 
computers and compare the results obtained with machine 
results. This comparison has established the accuracy of 
all modules in the computer and a closed loop calculation 
can therefore be relied upon to be computed with this 
accuracy. Thus, the information obtained is essential for 
checking out computers at the plant and as a routine check 
before vital computation work begins. A closed loop pro- 
gram is then given to the machine and the accuracy of the 
result compared with the machine ‘ standard answer.’ This 
test is repeated to ensure that no machine error developed 
during the work period. If any deviation does occur in 
plant check-out ‘ start’ or ‘ finish’ tests, the computer sec- 
tions are examined individually and the fault located by 
elimination of sound components. 
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2 decades (1* = 6-5 X 10/s) 
Bi == 84-4% == 2-11 X 10+ Bs = 84-3% = 2-53 X 10° 
Be 93-3% == 1-4 X 10° Bs = 64% == 7-36 X 10+ 
= 56-5% == 1-26 xX 10° Bo = 44-5% = 2-67 X 10“ 
| (Fig. 1 
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refully designed special purpose analogue computers compete advanta- 


susly with general purpose types for the applications outlined below 


Solution of reactor dynamic equations 


by W, A. HAVRANEK, A.M.1.E.E., M.LR.E., Chief Project Engineer, and 
T. M. KIERANS, Design Engineer, Reactor and Computer Division, Miles Electronics Ltd 





Reactor kinetics 


Reactor dynamic behaviour is approximately given by: 


dn Sk — 6 
hon , SS Ave t's (1y 
dt [* i=1 
dc; 8B, 
— = —n—-A,C, 2 
dt /* ” 


The equations are derived from partial differential equa- 
tions by finite difference approximation and may be proven 
by steady state equations. For a transient response analysis 
the equations may be solved for n(t)/n(o) by laplace trans- 
formation where 








ee y_ Fa 
n(t)(p) waey cs ae, M(p) 
he - —— - (3) 
n(o) pl* — 8k +38, —? N(p) 
1 p+ XxX; 
is derived. 


Roots are then given by N(p) 
M(p)/N(p) = A = 0 (8k constant) 


0 and coefficients by 





ry 
ps By 
1 i=1 (p+ j,)? 
then —=1—- ——— on (4) 
a [* ae. 
pra 
. 8 Bi 
also from N(p), 5k = p{ I*+ > i (5) 
1 1p + A; 


to give the corrected value of 5k 


The reactor doubling time = 0°693/p 


p, 5k, A, doubling times and responsesAj,e”'' were cal- 
culated and, using MERLIN as the example reactor, plotted 
as shown in Fig. 1. Machine results are given in Fig. 2 
for accuracy comparison and a 9 decade result is available 
on an automatic rescaling facility. 

A simulation with a ‘mean’ 1 delayed neutron group 
approximation is often used on general purpose com- 
puters. With the same values as in the ‘6 group’ model, 


ies: BP, = 2-11 X 104 A, = 1:245 X 107 
B, = 1-40 X 10° \, = 305 X 107 
B, = 1:26 X 10° A, = 1114 & 107 
B, = 2:53 X 10° A, =302 107 
B, = 7:36 X 10+ A, = 1:136 
B, = 2°67 X 10-4 A, = 3-01 











102 V " _——— 
| 4 3 | 2] | 

we 1* 6-5 X 10-/s 
B 2-11 xX 10~ 
B 1-4 10-* 
B 1-26 10- 
Bs 2-53 10 
B 7-36 10-' 
Bs 2-67 10 
k steps 
1. + 1-06 10 
2. 1-73 10 
3. 2-16 10 
4 2-77 10- 
5. 3-21 10- 





Two decade response obtainable, for comparison with Fig. |, 
the paper speed is 2 in/min (Fig. 2) 


B=3B, =64 10 


6 
~ Bir 
: l + 
A . 7°68 < 10 where - 
: Sp 
=1 
and /* 65 & 10 
Ihe equations are now 
dn dk B : 
n n A ¢ (6) 
di l 
dc B a 
n \C (7) 
dt 
oe B 
For initial conditions ( n (8) 
l*\ 
For n 1. ¢ ‘28? « 10 


Since the general purpose computer with no rescaling 
100 V only. equation (7) has to be divided 
by 500 in order to avoid overloading amplifiers 


facility covers 

Thus the initial condition of C,,/500 becomes a reason- 
able value (2°56 V) but on the program schematic the C/500 
50 A in order to feed 
AC correctly scaled to the first integrator. To adjust the 


value has to be given the factor 


co-efficients of equation (6) on the potentiometer f//* 
for example = 98°452 would require a multiplication fac- 
tor of 98-452. Since this would give overload conditions, 
equation (6) has been divided by 10. This means that the 





[ rs ] | 
Ys a 
os ° ° ~ 
\* 6-5 xX 10/s 
0-0768 
a ‘. 7 0-0064 
n 1V 
’ ? c 2-56 V 
d(n/10) k n B n c 
dt * 10 * 10 10 
d(c/500) B n a 





dt )=—SCé«<i SCS 500 
Programming schematic for one-group model (Fig. 3) 
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output of the integrator is now n/10. Figure 3 shows 
the programming schematic with the appropriate com- 
puter coefficients. 

The equations were solved on General Purpose Units 
of the machine and the results are given in Fig. 4. The 
comparison with the previous result shows that the error 
is of quite a large order. It can be readily seen that this 
error would of course increase if more decades could 
be covered on the G.P. computer. Again using a mathema- 
tical transient response analysis the time to cover two 
decades has been calculated. This served as a check on 
machine accuracy. 

Another method of utilizing General Purpose Computer 
modules for Neutron Kinetic Solution is given by logarith- 
mic transformation of equations (1) and (2). This trans- 
formation quoted in detail in (/3) converts equations (1) 
and (2), these now become 


d dk B . ‘ s 
(log n) SA, ) O (9) 
dt l n 
dY; / d B 
—— -} ¥i( A, + —(log n) 0 (10) 
dt dt l 
where Y C,/n 


Programming these equations on a G.P. computer will 
yield results up to 10 decades of equal accuracy on a 
logarithmic scale. This computation requires 19 operational 
amplifiers, 2 servomultipliers and associated equipment for 
zero power reactor simulators. Using an American high 
precision analogue computer N. J. H. Schuch of the 
Institutt for Atomenergi, Kjeller, Norway, has shown that 
with such a model for a zero power reactor inaccuracies 
of up to 9% occurred. These are due to the small band- 
width of the servo multipliers and their insens-tivity to 
small inputs. Substitution of electronic multipliers only 
made matters worse due to the insensitivity of these 
devices to small inputs. A detailed comparison of our 
special kinetic computer accuracies with this more con- 
ventional method will be discussed elsewhere. 

The calculations and tests have shown that a special 
purpose computer will give the solution to the reactor 
kinetic equations in the most accurate form over as many 
decades as are required. 


Xenon poisoning 
The poisoning of the reactor at a point in the fuel is 
described by two differential equations, neglecting the effect 





“16 X 10- 
+ 2-77 X 104 
“21 x 10- 


6k steps 
1. + 1-06 
2. + 1°73 X 10 
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Response obtained from one-group model; the paper speed 
is 2in/min (Fig. 4) 
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Theoretical response for Xe-135 ‘ peak-poisoning ’ after step 
shutdown (Fig, 5) 


yf samarium which is 2 decades smaller than for xenon. 
Considering a step function at t = 0 reducing 4 by many 
decades, e.g. sudden shut down. Then at 


¥ 


t=0 b= d and > d= Xs oh 
t= 0" @=0 and ¥;¢d=0 
The equation derived by laplace transformation for xenon 
decomes 
, , P Ay 
X(t) = X, e>** + ——I1,(e*"* — e A**) (11) 
Ax — Ay 


Using coefficients associated with MERLIN the theoretical 
response curve is given in Fig. 5. Figure 6 gives the result 
obtained using 2 servo integrators on the computer in a 
speeded up time scale operation (1 s= 1 h). 

Providing the reactor has been run for a time greater 
than 50h at constant power, poisoning will be at an equi- 
librium value at the time of shut down. This equilibrium 
value will give X, and J, obtained by equating dX/dr 
and d//dt to zero. 


























« N 
Then pa eae, (12) 
Ay 
Xo (v1 + yx) 
and x = ee nn Zz. (13) 
oxo T Ax 
this gives for MERLIN, where 
yr = 56 X 10 yx =3X 10° 
>, = 5:9 XK 10°? Ay = 2:1 K 10°5/s 
b 3-4 X 10!3 n/cm? s (at 5 MW) ox = 3°5 X 10°38 
\, = 2:88 X 10-5/s 
initial conditions of 
I, 39-005 & 10'* atoms/cm* 
ae 8-454 & 10'4 atoms/cm 
OU Y ] T T I T _— ._ + 2. | ik a | 
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+ } +++ — 
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Machine ‘ peak poisoning’ response in speeded-up time scale 
l1s=1h; the paper speed is 2in/min (Fig. 6) 
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d™ U U+2G 2G aWw 
—— eS eee 
dt M M M ™ 
dTu Ww U U 
—_— = TU + TM 
dt 7C Cc Cc 
For MERLIN 
Cc 16°] X 10%g for 3°5 10°g loading of U-235 (water equivalent 
of core) 
M 55:2 X 10%g (mass of core water) 
G 121 X 10%g/s (2 pumps) (coolant flow rate) 
U 5°5 10' cal/°C s (heat transfer coefficient from uranium to 
water for whole core) 
2-8°., (fraction of total fission energy released promptly into 
coolant) 


Programming schematic for heat transfer simulation; all 
temperatures referred to lake temperature (assumed con- 
stant); scaling factors 0-5 V/°C, 10-° V/W (Fig. 7) 


d 
For peak value, the time to Xe max is given se 0 
dt 


and ft was calculated as 9:219h. This gives Xe max 
20-601 1014 atoms/cm*. 

The study of the xenon effects in the reactor is of great 
importance in reactor design and will play an important 
part in the operation of nuclear power stations (/9). The 
analysis given shows that the units under consideration 
will give accurate results in such computing applications. 
An additional advantage of the system is that real time 
simulation is possible for control equipment testing or use 
as a ‘memory’ for poisoning prediction. In such an appli- 
cation electronic integrators can be used for the ‘ predic- 
tor’ which operates in a speed up time scale. 


Heat transfer 


The heat transfer equations are dependent upon the reac- 
tor system under consideration and the accuracy required 
for the problem solution. It has therefore not been re- 
garded advisable to develop special circuits for heat trans- 
fer simulation and general purpose computer modules are 
being used for this application. On simulator projects 
‘fixed’ to a particular reactor type, however, special heat 
transfer simulation units may be applied for economical 
reasons and in this case analysis of the sections, as for 
the neutron density and poisoning effects, will have to be 
undertaken. With the present arrangement the accuracy 
of all general purpose units employed was known and 
tested and such an analysis regarded as unnecessary. We 
have therefore limited ourselves, again using MERLIN, to 
showing how the heat transfer equations were derived, 
programmed on the machine, and have shown the results 
so obtained. For deriving the differential equations describ- 
ing the uranium temperature one fuel element only is 
considered, which is made up of all others. Because the 
dynamic investigations are of a qualitative nature, such 
a method is reasonable, but an improvement can be 
derived if the lumped fuel element is divided into several 
sections and the differential equations expressed for each 
section. One can also consider that the heat generation 
along the fuel element is non-linear (cosine shape). 











The derivation of the differential equations which des- 
cribe the temperature behaviour of the fuel 7,,, the cool- 
ant inlet temperature T., and the moderator temperature 
Ty leads to the equations shown in Fig. 9 for program- 
ming on the computer. The heat exchanger is described by 
the simple approximation: 

lr. = yTm (14) 
where y = 0°875. 

For better simulation of MERLIN a time delay of 100s 
(deactivation period) should also be incorporated in the 
computer heat exchanger program. The time delay unit, 
which will be utilized for lag simulation, is still in the 
development stage and was therefore not available for this 
work, but since the main purpose of this was to determine 
computer behaviour, the heat transfer characteristic simu- 
lation need not be fully representative of the MERLIN re- 
actor. The initial conditions are given by stationary con- 
ditions: 

dT dT 
dt dr 
whence 7, ~ 7, = 0. 
Figure 7 gives a programming schematic using coefficients 
appropriate for MERLIN. The results obtained on the 
machine are given in Figure 8. 


Complete reactor system 


The separate sections discussed were coupled to form an 
analogue of MERLIN under operating conditions, i.e. with 
temperature and poisoning effects present. In this arrange- 
ment the temperature and poisoning sections of the com- 
puter form a closed loop with the neutron simulator (/3). 
In water moderated reactors the effect of temperature on 
reactivity is non-linear and for MERLIN given by the 
expression 

(8k) = 10-5(8-15 
dT 
with units of 5k = 100% 
This relationship has been plotted and programmed on 
an electronic function generator. It is therefore considered 
in the loop test. The initial conditions for temperature 


0°314T)/°C 


were W,=10°W W=10V 
Tuo= 81°C 4:05 V 
T yo = 12:82°C 6-41V 
and W,=5X10°W W =50V 
T yo= 405°C = 20-25 V 
T 49 = 641°C = 32:05 V 


The driving function is reactivity and results for various 
step changes in reactivity are given in Fig. 9 


Conclusion 
Individual section responses agreed with calculated data. 
In consequence the closed loop system response Is accurate 


50V 


Response obtained 
from heat transfer 
simulation (Ty and 
Tu) as a result of 
step change in re- 
actor power; paper 
speed 12 in/min 
(Fig. 8) 
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4. + 0-2 10- 4. 4x 10 
5. + 0-25 10-* S. 5 x 10-3 


Transfer functions obtained from machine for step changes 
of reactivity with consideration of complete reactor loop; 
paper speed 2 in/min (Fig. 9) 


to similar limits and the machine suitable for analysis of 
various reactor systems. These can be extended to cover 
multi-zone power reactor simulation with detailed simula- 
tion of heat exchangers and generator loads. 

The work also illustrates that special purpose computer 
sections will give results equal to or better than those 
obtainable on general purpose installations provided that 
they are carefully designed and functionally checked after 
manufacture. They provide, together with those advan- 
tages, computer economy and are indispensable in training 
simulators. 
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Designed for use primarily by the divisions of reactor engineering, chemistry and 


shysics at Argonne National Laboratory JUGGERNAUT is similar to the ARGONAUT 


n design except for modifications 


which allow higher power operation 


The Juggernaut reactor 


~ ETAILS OF THE DESIGN of the latest 

| Argonne reactor, the JUGGERNAUT, 
e presented to the meeting of the 

{S held in San Francisco last Decem- 
ber. When completed early this year it 
be one of ten reactors used at 
Argonne for basic research. Its main use 
will be in developing nuclear instruments 
though it is considered of value in other 
areas of research such as _ analytical 
chemistry and elec.ronics. Mr J. R. Folk- 
rod of Argonne National Laboratory 
Reactor Engineering Division, who pre- 
sented the paper, told Nuclear Power that 
the JUGGERNAUT will afford complemen- 
tary facilities to those provided by CP-S. 
Experiments now in the CP-5 reactor will 
move over to the JUGGERNAUT for two 
(1) they do not require the ele- 
vated flux level in CP-5, (2) some experi- 
ments can be handled as well in the 
JUGGERNAUT and will relieve the space 
problem at CP-S5’ 

Experimental flexibility at low cost is 
provided by the use of removable shield- 
ing blocks. These make up about 60% 
of the shield; the rest is poured concrete. 
The thermal column is smaller than that 
for the ARGONAUT as it has been found by 
experiment that a large column is not 
necessary. With the small column the 
core becomes more dense and so allows 
a higher flux in the column. The reduc- 
tion in core dimensions reduces the over- 
all size of the reactor and the total cost. 

The JUGGERNAUT is a thermal type reac- 
tor and has a flux of about 2 X 1012 
n/cm2s at the core when operating at 
steady power. Dimensions are 3m 
(9-84 ft) high and 6-4 m (21 ft) across the 
top. The core is contained within a 
76cm (1:2 ft) wide annulus formed by 
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Cut-away 
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drawing 
the Juggernaut 
layout (Fig. 1) 
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the thermal column and the pressure 
vessel. It consists of 20 assemblies each 
with 12 plates. As there is more space in 
the core than is required for fuel. 
dummy plates are used where fuel is 
not needed. The assemblies are posi- 
tioned by a grid. There is no hold-down 
assembly as the water velocity is not 
great enough to dislodge the assemblics. 
Control of the reactor is accomplished 
with seven window-shade type boron- 
steel shim safety rods. These are located 
in the reflector at an average distance 





Facilities 

Four horizontal beam holes equipped 
with shutters 

Ten vertical beam holes and two 
thermal columns equipped with gates 
An internal thermal column with 
three experimental holes 

A test cave 

A universal facility 


Experimental programmes 

1 reactor spectrum measurements 

2 thermal fission counting, yield, 
cross-sections, etc 

neutron diffraction work 

dry shielding experiments 

testing neutron measuring instru- 
ments 

6 cold neutron technology 


a) 


a 











of 4cm (1-6 in) from the core face; they 
are similar to those on the ARGONAUT but 
the ribbon has been extended so that 
the mechanism is out of the high activa- 


removable centre 
shield 

shutter mechanism 
shim-safety drive 
vessel seal 
internal thermal 
column 

reactor core 

a thermal column 
beam hole 
rotating shield 
vert cal experimental! 


ports 
shielding blocks 


COMVOND NAwNn 


1 

12 vessel 

13 universal facility 
Oppos te test cave 

14 dump-storage tank 

15 reactor pumps 








JUGGERNAUT DATA 
Type light water moderated and cooled 
research reactor 


250 kW 
4X 10? n/cm*s 
Total fuel loading atrated power 38kgU-235 
Enrichment 93% 
Elements plate type 7:3 « 66 X 0:178 cm, 

U/AI atloy, 16°7 g/plate, 12 pla.es/ 
assembly, 20 assemblies 


Al (0:0508 cm) 


Thermal output 
Thermal flux (max) 


Cladding 


Max cladding temp. 65°C 
Coolant H,O 
Pressure 15 lb/in* a 
Temperature, in-out 20-—35°C 


Flow 1000 Ib/min 
Reflector graphite (60 cm) 





tion area, so allowing easy maintenance. 
The combined worth of these rods is 
7:59, Ak/k. There is a single fine control 
rod with a rack and pinion drive, It is 
manually operated and the control sec- 
tion is cadmium. : 

The most interesting of the twenty- 
two facilities available are the test cave 
and universal facility. It is possible to 
have a large tank of water in the test 
core and this would be irradiated by 
a plane source of neutrons 120 X 120 cm. 
The flux is 3 X 1011 n/cm?s and an ex- 
periment could be set up in this tank 
and worked on from above as in a pool 
reactor. The universal facility is similar 
to the test cave but is on a larger scale. 

The thermal column is about 2m 
(6-6 ft) deep and about 1:25m (4 ft) 
square cross-section. The neutron gradi- 
ent in the column is from 10! to 10° 
n/cm?s; the flux then abruptly changes 
to 104n/cm2s as it encounters a }-in 
thickness of boral. The central portion 
of the column is filled with stringers, the 
centre one of which can be removed, 
thus providing in effect another beam 
hole. The vertical experimental ports ex- 
tend from the top of the thermal column 
graphite to the top of the reactor, There 
are five of these ports for each of the 
two columns and they range in size from 
10-20cm (4-8 in). The reactor also has 
four 6-in dia. beam holes equipped with 
motorized shutters. Two are near the 
core; the other two terminate at the 
thermal shield. The flux expected at the 
beam face is about 10% n/cm?s. 

The three experimental holes in the 
internal column are accessible from the 
top of the reactor. One is a 15cm (6 in) 
hole in the centre; the other two, both 
4:S5cm (1-8in) are half-way along the 
radius and at the circumference. 

The core cooling water flows at 81/s. 
After flowing upwards over the fuel 
plates the water goes to the dump-storage 
tank. From here it is pumped to the heat 
exchanger and back to the reactor. 

The reactor is also provided with a 
clean-up system. Water is taken from 
one end of the dump-storage tank 
through an ion-exchanger and filter and 
then returned to the opposite side of the 
tank. As the cooling system is closed 
the water can be kept relatively clean. 
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A THIRD primary separation plant for 
Windscale is now a distinct possibility 
I have been told that the AEA’s Pro- 
duction Group will have to expand its 
chemical plant capacity for processing 
irradiated fuel elements in step with 
power programme. Be- 
cause of this, plans are at 


the nuclear 
present 
being formulated which will take into 
account the remaining useful life of 
the first separation plant at Windscale 
and the probable performance of th: 
second plant now being built. This 
second plant, due to be in operation 
in 1963, will incorporate a new pro- 
cess using tributyl phosphate diluted 
with an inert hydrocarbon in horizon- 
tal box-contractors. It is suitable for 
treating the more highly irradiated 
civil reactor fuel elements and has 
higher efficiency than the first plant 
which uses the butex process. In addi- 
tion, its capital and operating costs 
are substantially lower 


THE SECRECY which surrounded the 
24 MW being built in the 
Negev desert, south of Beersheba, re- 
bounded with a vengeance on Israel. 
After repeated denials, it was finally 
admitted that this reactor was being 
built with French help and would be 
completed in three to four years time. 

The sequence of events makes inter- 
esting reading. Early in December, the 
US Joint Congressional Committee on 
Atomic Energy held a special meeting 
at the request of the State Depart- 
ment and the Central Intelligence 
Agency. Long-range photographs had 
revealed that what was thought to be 
a textile factory was, in fact, a reac- 
tor. Requests were made to Israel for 
further information and then the news 
was leaked out on a television pro- 
gramme when the chairman of the 
AEC, Mr John A. McCone, said in- 
formal and unofficial information con- 
cerning the Israeli reactor had become 
available. 

Then followed a spate of denials 
from Embassies in London and 
Washington, saying that Israel was not 


reactor 
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THE NEW Year has 


planning to make an atomic bomb 
and that the only reactor was the 1 MW 
research reactor at Rehovoth. It was 
only later that there was a reluctant 
admission from Prime Minister Ben- 
Gurion that this ‘secret’ reactor was 
being built. This came after it was 
admitted that Israel was co-operating 
with France in atomic research. 

The whole matter has now died 
down but several questions still remain 
and are not likely to be 
at present. The first is why all this 
‘peek a boo’ secrecy was necessary? 
Why Israel, for instance, which is one 
of 40 nations which shares informa- 
tion on peaceful uses of atomic energy 
with the US, should not have men- 
tioned the reactor till pressed? There 
is also, of course, the question of why 
the close co-operation between Israel 
and France should have been kept so 
quiet? Political must have 
been a major factor in this secrecy 
but now, after all this hedging, bumb- 
ling and bad publicity, I wonder if it 
was all worthwhile? 


unanswered 


reasons 


brought home 
again to businessmen in Britain the 
pending economic division of western 
Europe. On New Year’s Day, the first 
major steps were taken to set up a 
tariff wall round the Common Market 
countries—a tariff which commercially 
separates its six members from the 
rest of the world. It also saw in- 
creases in German and Benelux tariffs 
in the move towards a custom union. 
The organization has given notice that 
it is no longer a tender seedling but 
a plant set on its way to full growth. 
The huge single market that will 
exist behind this tariff wall will be 
excluded from British products unless 
some action is taken soon. Mr Heath, 
Lord Privy Seal, with responsibility 
for European affairs, has indicated a 
leaning, somewhat obscured, towards 
Europe; however, he has so far skirted 
round the question of whether the UK 
should join the European Economic 
Community or merely identify itself 


—_— 
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with its purposes. Recent indication 
are that apart from a certain amoun 
of reserve from the French, sentimen 
on the Continent is favouring a Britis! 
move towards the Common Market 
This followed the informal talks helc 
last year in Bonn and Rome by M 
Macmillan and Mr Heath. 

I now gather that Britain will have 
to make some gesture towards open 
ing talks on an acceptable treaty 
governing its entry into the Commor 
Market and that this move will have 
to come fairly soon. No doubt it wil 
have to follow further talks with the 
Commonwealth countries and _ the 
European Free Trade Association. But 
further delays may well leave Britair 
outside this dynamic Community, for 
the Common Market is_ gathering 
momentum and may _ well have 
gathered so much speed by the time 
a positive approach is made, that there 
will be little willingness to accommo 
date changes for late entrants. 


"HE TIME of goodwill brought a spate 


of reports connected with radiation 
and fallout whose tenor, happily, was 
reassuring. This applies in particular 
to the Medical Research Council’s 
latest report on radiation dangers 
‘The Hazards to Man of Nuclear and 
Allied Radiation "—which is the suc- 
cessor to a 1956 report issued when it 
was not altogether clear how danger- 
ous small doses of radioactivity over a 
long period could be. It was assumed 
that these were as dangerous as the 
same amount received at one time 
This is not so, the report concludes. 
Another fresh point is that liability to 
lukaemia after a large radiation dose 
diminishes after about ten years. 


On Record 


‘The central job of nuclear energy 
the development of a_ longe-rang: 
energy source, complete with waste 
disposal and chemical recycle, which 
will be available when we really need 
nuclear energy—this job, I submit, is 
not being attacked with full vigour 
and seriousness.” 

Alvin M. Weinberg, Director of the 
Oak Ridge National Laboratory, in 
his annual State of the Laboratory 
speech. 


‘It is now fashionable in some quarters 
to decry the nuclear power programme 
and to run down the reactors now 
under construction before they hav 
been started up. 

Sir Roger Makins, chairman of the 
UKAEA, opening the Ilford ‘ Atoms 
in Camera’ exhibition. 
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Here is ‘Nuclear Power's’ quick reference guide 


to new equipment for the nuclear technologist 





Physical Society Show—196l 


Westminster, January 16 - 20 


HE EXHIBITION of the Physical 

Society this year shows little signi- 
ficant change in equipment design. 
However the trend towards miniatur- 
ization, and the use of printed circuits 
and solid state devices continues at an 
accelerated rate. There is also a ten- 
dency towards a diversification and 
extension of the range of nucleonic 
and health monitoring equipment. 

Government and official sponsored 
participation in scientific research and 
development is once again well demon- 
strated but the lack of representation 
from the Universities is disappointing. 
Possibly this is through an inherent sus- 
picion that the show is becoming more 
and more a form of trade fair for 
industry and that the ‘ string and seal- 
ing wax’ devices have no part in it. 
More representation of the important 
fundamental and applied research 
work that is being undertaken at 
universities could have a_ beneficial 
effect. 

The original concept of the show in 
selecting only those intruments that 
are entirely new is weakening with 
each successive year. A fair propor- 
tion of the exhibits, now in produc- 
tion, were seen last year, and not 
necessarily in prototype form. 


Nucleonic equipment 

New in the range of portable instru- 
ments from General Radiological 
(Stand 3) for health monitoring and 
survey work, using solid state circuitry, 
are: the NE207 plastic scintillator dose 
ratemeter, using a new type of pulse 
amplifying and integrating circuit and 
providing a dose rate range 0-1—1000 mr 
hr over an energy range 50 keV-3 MeV; 
the NE206 ionization chamber beta/ 
gamma dose ratemeter, that incorpor- 
ates an audible alarm 0-1-1000 r/h 
logarithmic scale and employs an elec- 
trometer triode and transistor d.c. 
amplifier; and the NE204 1-10,000 
mr/hr logarithmic scale meter that uses 
a Sub-miniature G.-M. tube reading 
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over the range 60 keV to 3 MeV, rea- 
sonably independent of energy 
Already in production is the NE148 
gamma scintillation monitor with illu- 
minated dial, that uses a sodium iodide 
crystal and has a full scale deflexion 
of 0:03 mr/h on the most sensitive 
range. 

Two new monitors from EMI Elec- 
tronics (Stand 20), now in production, 
include the transistorized SM1 low 





| One of the most useful shows of 
its kind for the presentation of new 
concepts, this year’s Physical Society 
Exhibition follows the trend of last 
year with participation by over 100 
private firms and some 40 or more 
official or government sponsored 
organizations. 








| 
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activity sample monitor that responds 
to energy around 140 keV, and the 
single hand unit type HM2 that de- 
tects both alpha and beta simultane- 
ously. The readings of the former are 
indicated by a double range linear 
ratemeter that provides full scale de- 
flexions of 0°50 and 0-500 counts/sec. 
In the prototype stage, Ekco (Stand 
30) have their complete gamma spec- 
trometer that combines the N676 scin- 
tillation counter and the N600 rate- 
meter and gives better than 4: 1 peak 
to valley ratio for Co-60. 

Among the Avo (Stand 33) instru- 
ments demonstrated is a radiation level 
detection system that covers a number 
of points in a building for the detec- 
tion of radiation levels from 0:1 r/h- 
500 r/h. The 1532A dose ratemeter, 
completely self-contained, measures 
radiation at a distance up to 16 ft. 
Isotope Developments (Stand 41) are 
showing applications of the 1880 
dynamic capacitor electrometer that 
was exhibited last year. Applied to the 
charging and reading of BD11 ioniza- 
tion chambers, and working with a 
gamma sensitive chamber and chart 
recorder, very low levels of radio- 


activity can be measured, Using thin 
caesium iodide crystals, the 723 win- 
dowless scintiliation counter head, has 
been modified from its normal pur- 
pose of counting soft beta particles 
to the counting of alpha particles, with 
a resolution of approximately 4%. 

AEI (Stand 131) illustrate the work 
that is being done in developing single 
cadmium sulphide photoconductive 
cells; a standard type for general 
radiation monitoring, and a miniatur- 
ized cell small enough for intracavi- 
tary measurements of gamma ray 
dosage. 

In addition to those already des- 
cribed, devices for the detection and 
counting of radioactive particles are 
again well represented. To comply with 
the requirements of the new Factory 
Tonizing Radiations Act, Labgear (Stand 
106) are developing a universal dose 
ratemeter that incorporates an ioniza- 
tion chamber for the measurement in 
millirads/hr of alpha, beta and gamma 
and low energy -ray radiations. Also in 
the development stage is a new labora- 
tory scintillation unit that embodies a 
3-stage amplifier with cathode follower 
output. To the already extensive range 
of Geiger counter tubes available, 20th 
Century (Stand 8) have added the 
SW12 unit for low energy beta count- 
ing with S-35 and C-14. Its use is 
complementary to the standard B12 
beta-gamma counter. Under develop- 


IODINE MONITOR—Nuclear Enterprises 
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ment is a miniature high pressure 
chamber with high insulation resist- 
ance, designed for use in integrating 
dose meters. 

Ekco’s (Stand 30) new manual 
scaler, type N667, which is shown in 
association with a type N662 round 
lead castle, a Geiger tube and pre- 
amplifier, has an input resolution of 2 
microseconds. 

In the development stage, Panax 
(Stand 85) have a high sensitivity scin- 
tillation flow counter that can detect 
300 pp c/litre of strontium-90 against 
a background count rate of 1-5-2 c/s. 
They also have a mains operated 
switch that can be used with a variety 
of Geiger counters to monitor the 
radiation level in a selected situation, 
enabling an alarm to be given and con- 
trol contacts to be operated. In pro- 
duction is the automatic counting 
equipment F600/6 that was shown in 
prototype form last year; high sensi- 
tivity low background Geiger counting 
equipment, with typical background 
rates of the order of 1:5 c/min; and a 
complete tritium counter composed of 
an automatic counter type F600, a 
liquid scintillation counter type SC-LP, 
and a refrigerator unit type RU1660. 

EMI’s (Stand 20) production-line 
beta probe BP4 is a scintillation coun- 
ter intended primarily for the detec- 
tion of low energy radiation. The 
phosphor is anthracene evenly depo- 
sited on a polyvinyltoluene light guide, 
optically coupled to a type 9542S 
photomultiplier tube. Two new items 
of counting equipment added by 
Ericsson (Stand 115) are the universal 
scintillation head type 214A, fitted 
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GAMMA MONITOR 
—General Radiological (above) 


GLOVE CABINET 
Townsend & Marcer (left) 


with an 11-stage photomultiplier tube, 
and the coincidence/anticoincidence 
unit that has a resolution time of 
around 2 microseconds and is able to 
drive a scaling unit or ratemeter. 

The latest glass scintillator to be 
introduced by Nash and Thompson 
(Stand 40), GS1, is a lithium alkaline 
earth silicate glass activated by 
cerium. It is chemically inert and can 
be used in contact with strong nitric 
acid solutions of radioactive materials. 
Nuclear Enterprises (Stand 61) are 
showing their complete range of scin- 
tillation phosphors which includes the 
new NE150 plastic phosphor with ex- 
cellent pulse shape discrimination pro- 
perties. Also new is the range of inte- 
gral and demountable Nal(T1) crystal- 
photomultiplier head units (see Nuclear 
Power, December 1960, p. 118). Photo- 
multiplier tubes now in production by 
20th Century (Stand 8) include the 
RBMS10/14 developed under contract 
to the AWRE, and the VMP 11/170, 
a tube with large cathode area com- 
bined with uniform cathode sensitivity. 
The five-stage image intensifier tube, 
developed in cooperation with the 
Admiralty and Imperial College, has 
now reached the production stage. It 
produces a picture diameter of 19 mm 
with a resolution of 14 line pairs/mm. 
EMI Electronics (Stand 20) are con- 
tinuing with the development of 
photomultiplier tubes. They now have 
a 5 in diameter tube with a high speed 
of response; another is on the way 
that has an extremely fast rise time 
and high output current. 

New designs in ancillary equipment 
cover such laboratory units as glove- 


boxes, isotope carriers and sample 
changers. A sample changer under 
development for the AERE by Isotope 
Developments (Stand 41), type 2014, 
can handle up to 50 samples of iso- 
topes mounted in standard 1 in plan- 
chets, and works in conjunction with 
a 1700 scaler with the count and time 
of count for each sample printed on 
paper tape. In production is the iso- 
tope carrier 6003 with heavy lead 
shielding and designed for easy trans- 
portation. A sample changing mech- 
anism is incorporated in Labgear’s 
(Stand 106) prototype shielded anti- 
coincidence counting assembly. An 
associated coincidence/anticoincidence 
unit offers two outputs of opposed 
polarity with metal indication, together 
with a fully resettable plug-in 5-decade 
counter. 

Fitted with exhaust pumps and Har- 
well type filters, the latest version of 
rigid glove box by Townsend and 
Mercer (Stand 94) incorporates an im- 
proved moulded window gasket to 
give a cleaner line. For operating in a 
controlled atmosphere, Gallenkamp 
(Stand 128) have introduced a glove 
box with an air lock and with stop- 
cocks to control the inlet and exit 
pressures of gas. An interesting radio- 
activity application is the use by the 
Warren Spring Laboratory (Stand 47) 
of a radioactive rotameter float for re- 
cording low rates of fluid flow at high 
pressures. The position of the float is 
detected by Geiger tubes. Another new 
technique is the use being made by 
the British Steel Castings Research 
Association (Stand 47) of tracers to 
study the origin of inclusion in steel 
castings. 

For industrial applications, Ekco 
(Stand 30) have two nucleonic gauges 
under development. The N680 mois- 
ture gauge is designed for operation at 
the ‘dry-end’ of paper-making 
machines; the other is a memory unit 
which, principally designed for coat- 
ing applications, retains a reading at 
any pre-set time up to 5 min, enabling 
the reading from the base material 
to be compared with a reading from 
a second gauge monitoring the coated 
material. 

For the production of short-lived 
isotopes and for other research a num- 
ber of neutron generators are now 
available. A prototype unit shown by 
20th Century (Stand 8) operates under 
d.c. conditions and produces fluxes of 
10*° neutrons/s, employing the (D, T) 
reaction. Mullard (Stand 134) have 
under study a compact accelerator 
neutron source that consists of a 
sealed-off tube and auxiliary power 
supplies. Within the tube, deuterium 
and tritium ions, that are generated by 
a Penning ion source, are accelerated 
in a single stage up to 125 keV. They 
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strixe a titanium plated self-loading 
tarc t releasing neutrons of 14 MeV; 
saturation of the target maintains itself 
throughout the whole life of the tube. 


I 1 the Services Electronics Re- 
search Laboratory (Stand 135) comes 
a new form of fast neutron source 
capable of giving 10° neutrons in a 
20 .s pulse at 1 pulse/s. It may also 


be run continuously at a level of 10° 
neutrons,;s. 

In conjunction with the UKAEA 
high temperature reactor projects, a 
number of fission chambers have been 
designed by 20th Century (Stand 8), 
types FC08/1000 and FC02/1000, for 
operation at 600°C and FC538 / 100 for 
operation to 850°C. 


Pulse instruments 

Of value in programming computers 
is the Nagard (Stand 42) type 5101 
pulse group generator whose primary 
function is to generate groups of trig- 
ger pulses, with adjustment over a 
wide range of characteristics made 
possible by use of continuously vari- 
able and calibrated controls. Variable, 
are the length of groups within the 
values 20 psec—0°2 s and the pulse fre- 
quency of 10c/s and 100 kc/s. Another 
instrument designed to speed the 
development of computers and _ all 
pulse-operated equipments, is the 
Wayne Kerr (Stand 102) P131 pulse 
generator. It provides pulses of 50, 75, 
100, 250, 500 750, and 1000 mus, with 
rise and fall times of less than 15 and 
20 ws respectively. 

In the prototype stage is the pulse 
generator GO1005 from Solartron 
(Stand 111) that provides single or 
double rectangular pulses with ampli- 





FILTER UNIT—Cawkell (above) 


SCALER 200—Marshall (below) 
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MECHANICAL ANALOGUE—Elliott 
(above) 


SPECTROPHOTOMETER—Unicam 
(right) 


tudes up to 100 V peak at pulse repe- 
tition frequencies between 10 and 10° 
pulses/s, with pulse durations ranging 
from 200 mus to 10 ms. The Marshall 
(Stand 117) twin channel pulse gen- 
erator type TPG 102, that was shown 
last year in prototype form, has now 
reached the production stage and 
claims extreme accuracy in all para- 
meters. Another generator, under 
development by Cossor (Stand 121), 
is the 1097 development of the ori- 
ginal model 1046 that uses a high 
pressure mercury relay to produce 
pulses of rise time less than 1 mus of 
continuously variable amplitude up to 
100 V. 

Among the pulse height analysers 
exhibited is the new Plessey (Stand 35) 





WAVE ANALYSER—Muirhead 





DIGITAL VOLTMETER—Venner 





99-channel equipment, designed at the 
AERE, that can also be applied as a 
time-of-flight spectrometer. Auxiliary 
control units can be used in conjunc- 
tion with a decimal printer or a card 
punching machine. With a resolution 
time better than 1:5 microseconds. 
Isotope Developments (Stand 41) now 
have in production an 1870 single 
channel analyser. Threshold bias is 
continuously adjustable, monitored by 
the front panel meter, over the range 
from 5 V to over 50V positive. The 
demonstration shows its application to 
plotting an alpha particle spectrum 
using a 6001 windowless scintillation 
counter, the pulses from which are 
amplified by a 668 linear head ampli- 
fier. 

New in the oscilloscope line is the 
differential double beam unit from 
Furzehill (Stand 10) that has two iden- 
tical vertical amplifiers, providing dif- 
ferential output on each channel feed. 
A modified version of the model 301 
shown last year is being developed by 
Nagard (Stand 42) to incorporate a 
sweep delay circuit with selected 
brightening of the portion of the 
waveform to be examined in detail. 
Their two-channel wide-band oscillo- 
scope, Model 321 has been designed 
around a new type of double-gun 
cathode-ray tube that incorporates a 
helical post-deflexion acceleration sys- 
tem operating at 10 kV. High intensity 
of display enables single transients at 
high speeds to be recorded. Airmec’s 
(Stand 46) type 294 oscilloscope is a 
high speed unit particularly suitable 
for the observation and photography 
of fast rising pulses with a low repeti- 
tion rate. Solartron (Stand 111) are 
showing two prototypes: the CD 1012 
general purpose oscilloscope with a 
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10cm » 


6cm display area operating 
at 14kV; and a small portable single- 
beam unit CD 1015 with a bandwidth 
from d.c. to 12 mc/s (—3 dB) at sen- 
sitivities from 50 mV/cm—50 V/cm. 

Among the new cathode tubes this 
year are the 20th Century (Stand 8) 
rectangular flat faced tubes: the single 
gun type S6RB/126 and the double 
gun type D6RB/710. Electronic Tubes 
(Stand 23) are demonstrating the 
effects of a new tube phosphor that 
has the property of trace storages for 
limited periods. Other tubes under 
development include the GEC (Stand 
132) LD603 high efficiency post-de- 
flexion acceleration tube and Mullard’s 
(Stand 134) cold cathode glow dis- 
charge trigger tube for high peak cur- 
rent applications. New oscilloscope 
cameras are represented by Langham 
Thompson’s (Stand 57) type 405 that 
supersedes the old series 400 and 
Cossor’s (Stand 121) 1458 that allows 
for interchangeable lenses, including a 
fast F1-5 lens. 


Instruments for measurement 

With outputs varying from 50 »V/ 
deg to 200 nV/deg, Morgan Crucible’s 
(Stand 37) new thermocouples use 
graphite or silicon carbide/graphite. 
Mounted in a shallow pocket is the 


GAS ANALYSER—UKAEA 
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SALINITY BRIDGE—Wayne Kerr (left) 








PULSE GENERATOR—Planer (above) 


Cambridge (Stand 54) hot roll thermo- 
couple for measuring the temperature 
of moving surfaces. Langham Thomp- 
son have an indicator unit that uses 
a 1 kc/s chopper amplifier and a 6 in 
Cirscale meter. 

In the thermometer field is Pullin’s 
(Stand 9) surface temperature instru- 
ment that will give a rapid and accur- 
ate reading up to 110°C; and Cam- 
bridge’s battery operated multirange 
thermistor thermometer covering the 
range 25° to 140°C. Temperature 
control of laboratory ovens and 
liquids is possible with the new Electro 
Methods (Stand 58) unit. It uses elec- 
trical contact thermometers in con- 
junction with the new type 213B tran- 
sistor relay. Another unit, a stepless 
one, uses magnetic amplifiers and satur- 
able reactors. C.N.S, Instruments 
(Stand 59) also have a saturable reac- 
tor type temperature controller for 
furnaces. 


Suitable for both gauge and differ- 
ential pressure measurements is the 
Cambridge transducer that provides 
ranges from 0-20mmHg to 0-300 
mmHg. Another transducer from 
Langham Thompson, the BP2, mea- 
sures rapidly fluctuating and steady 
fluid or gaseous pressures as well as 
transients. Safe for excess pressures 
up to 10,000 Ibf/in?, New Electronic 
(Stand 62) have developed a single- 
ended variable inductance transducer 
for use with radioactive media. Under 
development by Mullard (Stand 134) 
is a pressure gauge to measure down 
to 10-°torr in the low range and to 
10-* torr—10* torr in the high pressure 
range. 

The UKAEA (Stand 39) have 
among their exhibits a magnetic flow- 
measuring device for non-conducting 
fluids, slurries and dusts being devel- 
oped at Winfrith Heath. Also in the 
experimental stage is Lintronic’s 
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(Stand 32) differential pressure pulse - 
ing flowmeter, sensitive to $in water 
gauge for full scale deflexion. Usir 2 
three photo-transistors with lig:t 
sources and a measuring pipette, is the 
Langham Thompson flow timer fer 
transparent liquids. 


Data processing 

Also on the UKAEA stand is the 
data handling equipment developed at 
the AWRE for speeding up assess- 
ment of film records and presenting 
the data obtained in a form suitable 
for direct input to a computer. For 
thermonuclear research, with a parti- 
cular application to a study of the 
fluctuations of the ‘Sceptre’ discharge, 
automatic methods were used by AEI 
(Stand 131) for data reduction. The 
system shown uses up to 12 gated 
two-decade scalers, a digital interro- 
gator and a simple analogue-digital 
converter. Venner (Stand 19) have a 
complete data logging: assembly for 
recording voltage, frequency, resis 
ance or time interval from a number 
of sources. Ericsson (Stand 115) have 
available the new Dataflex printed 
board equipment for a wide range of 
applications. 

Various ancillary equipment on 
show includes a transistorized A/D 
converter from Standard Telephones 
(Stand 112), three new transistorized 
digital frequency meters from Racal 
(Stand 16) and International Compu- 
ters’ (Stand 2) magnetic film digital 
store, shown with an _ experimental 
2500 bit device arranged to store 50 
words of 50 bits. Two new analogue 
computer units for teaching purposes 
have been developed, the Servomex 
(Stand 11) SS110 bench mounted 
simulator and the Solartron TY963. 
Also new from Solartron (Stand 111) 
is a high speed printer and a number 
of digital devices. Elliott’s (Stand 125) 
exhibits include the 823 computer, a 
mechanical analogue, a solid state d.c. 
amplifier and a A/D converter. 


Analysis 

A new polarograph developed by 
the UKAEA at Woolwich and made 
by Nash and Thompson (Stand 40) 
offers facilities for the subtractive, 
comparative and derivative methods of 
two cells and single cell work. For 
the process control chemist is the Baird 
and Tatlock (Stand 136) ‘ Analmatic ’ 
process monitoring equipment made 
to suit different specifications. The 
UKAKFEA are showing a non-dispersive 
infra-red gas analyser and an auto- 
matic gas chromatographic analyser 
for the plant processing of volatile 
inorganic fluorides at elevated tem- 
perature and sub-atmospheric pres- 
sures. 
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GROUNDWORK—Computers 
Whar are the uses of computers in 
nuclear design? 


[he size and complexity of nuclear 
design problems have greatly increased 
with the advent of atomic plant for com- 


mercial and advanced research purposes. 
This has led to a considerable degree of 
mechanization of the process of corre- 
lating or optimizing combinations of 
parameters for the particular design ob- 
jective. so much so that computing aids 
have assumed an essential role in con- 
temporary design fields. 

Nuclear calculations of the basic pro- 
of reactor lattices, control rod 
distribution, long term irradiation effects 
and the leading steady state design para- 
meters of reactor cores are extensively 
programmed for digital machines, along 
with determination of optimum steam 
conditions and heat transfer properties, 
stresses in structures under various con- 
ditions of operation, to instance but a 
few of the more commonplace applica- 
tions. Techniques have also been devel- 
oped, but perhaps with limited success, 
for examining complex multi-dimen- 
sional spatial problems by physical ana- 
logue methods, but these have not yet 
appreciably developed as practical design 
tools 

In the field of transient analysis, how- 
ever, the analogue computer has been 
extensively used in the solution of time- 
dependent integro-differential equations 
representing the dynamic state of the 
reactor following both operational 
changes and fault conditions. In _prin- 
ciple the reactor dynamic properties are 
replaced by an electrical circuit having 
similar dynamic properties so that, by 
analogy, the variations of the electrical 
circuit (in response to appropriate 
stimuli) only vary from those of the 
reactor in respect of scale and time, 
both of which can be appropriately re- 
lated with the original reactor equations. 

A great deal of development has gone 
into the design of electrical and elec- 


perties 


tronic computing elements which can be 
made to exhibit the mathematical pro- 
perties of integration, differentiation, 
addition and subtraction or inversion, 
together with generation and multiplica- 
tion of complex functions of variables. 
The computing accuracy may range be- 
tween 2°% and 0-01%, depending on both 
the degree of design sophistication em- 
ployed and the type of problem under 
consideration, whilst the dynamic range 
may extend over several decades of out- 


put. Modern computing units employ 
printed circuits and are arranged to 
‘plug-in’ to the system as_ required, 


whilst the standardization of power sup- 
plies and modular construction enable 
computers to be assembled in sizes rang- 
ing from a few score to many hundreds 
of operational computing units. 

The principal advantages of the ana- 
logue computer, namely, the ease with 
which equation parameters may be varied 
and the simple manner in which complex 
feedback systems can be analysed, are 
now being increasingly challenged by the 
emergence of larger, faster, digital 
machines which, in some types of prob- 
lems involving time-space transients, per- 


mit more detailed representations of 
problems than can conveniently be 
tackled by operational amplifier ana- 


logues. More recent developments com- 
bine the advantages of both digital and 
analogue techniques. It is likely how- 
ever, that the use of electronic analogues 
in solving some classes of reactor prob- 
lems will continue for some time to 
come, 


BOOKLIST—Radioisotopes 


Isotopes. J. L. Putman. Penguin Books. 
1960. A popular presentation of all 
aspects of isotope applications. An ele- 
mentary scientific background is desir- 
able but not essential. 

Radioactive Isotopes. W. J. Whitehouse 


and J. L. Putman. Oxford University 
Press, 1953. Another non-specialist 
treatise on the properties, production, 
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Typical of the work 
conducted at the 
Czechoslovak 
Faculty of Technical 
and Nuclear Physics 
in Prague’s Charles 
University, this 
pulse generator, 
constructed by the 
student himself, is 
being tested for 
quality control. The 
Faculty, started in 
1956, has a student 
roll of 600 divided 
into specialist 
groups for nuclear 
physics, nuclear 
engineering and 
nuclear chemistry. 


measurement and use of radioactive iso- 
topes. It assumes a general knowledge of 
elementary physics and of metals to ‘0’ 
level. 

Radioisotope Laboratory Practice. R. A. 
Faires and B. H. Parks. Newnes, 2nd 
edition, 1960. A practical handbook for 
scientific workers using isotopes for the 
first time; applicable to a wide range of 
scientific problems. 

Radioisotopes: a new tool for industry. 
S. Jefferson. Newnes, 2nd edition, 1960. 
Primarily for industrial managers and 
engineers, it is mainly descriptive and 
includes general applications together 
with an elementary background of radio- 
activity theory. 

Radioisotopes for Industry. R. S. Rochlin 
and W. W. Schultz. Reinhold. 1959. A 
highly condensed treatment, mainly of 
principle and method for engineers and 
plant managers. Includes particular data 
on mechanical savings. 

Radioisotopes in Biology and Aegricul- 
ture. C. L. Comar. McGraw-Hill. 1955. 
Introduces basic principle and discusses 
detailed experimental practice, giving 
many diverse examples and references. 
The reader requires virtually no nuclear 
physics but a background of biochem- 
istry and reaction kinetics is desirable. 


Radioactive Tracers in Biology. M. D. 
Kamen. Academic Press. 1951. Intended 
for biologists with some knowledge of 
reaction kinetics, this is a thesis on tech- 
niques with special reference to the 
chemistry of biologically significant ele- 
ments. 

Atomic Radiation and Life. P. Alexander. 
Penguin Books. 1957, An introduction to 
radiobiology for the scientifically-minded 
layman. 

Mechanical use of Radioisotopes. W. J. 
Bierwaltes et al. W. B. Saunders, Phila- 
delphia. 1957. With its application to 
diagnosis and therapy, apart from dis- 
cussing detailed clinical techniques, in- 
struction is given on radioactivity, instru- 
ments, safety and management. 


Therapeutic Uses of Radiation Radio- 
isotopes. P. F. Hahn (editor). Wiley. 
1956. A series of papers by specialists 
on the application of radioisotopes to 
the treatment of cancerous diseases. 


UK COURSES 


Hendon Technical College, Middlesex 
Uses and safe handling of radioactive 
substances. Thursday evenings, February 
23—May 18. Fee: £1. 


Bristol College of Technology Radio- 
logical Health Hazards and Health Pro- 
tection. Courses for medical officers, fac- 
tory inspectors and engineers, March 13- 
24. Fee: £5 5s. Teaching Radiochemistry 
and Nuclear Physics in Secondary 
Schools. May 23-26. Fee: £2 2s. 


Borough Polytechnic, London Metal- 
lurgy of Rarer Metals. Six lectures on 
Tuesday evenings commencing February 
7. Fee. 10s. Nuclear Power Technology. 
13 lectures on Thursday evenings com- 
mencing January 12. Fee: £2. 
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Points from 


Papers 


reports, meetings, conferences 





VAPOUR DEPOSITION 


Encapsulation of fuel elements is becom- 
ing an established method of maintain- 
ing mechanical integrity and containing 
fission products. Uniform, dense, non- 
porous coatings on individual fuel par- 
ticles have been obtained by the vapour 
deposition of niobium, molybdenum, 
tungsten, chromium, carbon and nio- 
bium-vanadium alloys in a fluidized bed 
of UO, particles. Work at Battelle Mem- 
orial Institute has been mainly on nio- 
bium using hydrogen reduction of nio- 
bium pentachloride vapour. It is reported 
that the most serious problem was main- 
tenance of bed fluidity and avoidance of 
agglomeration. This has now been over- 
come and routine operation can be car- 
ried out with a loss due to agglomera- 
tion of about 1° 

Fluidized-bed coating of UO, powder with 
niobium and other elements. John M. 
Blocher, Jr et al. Battelle Memorial Insti- 


tute, Report BMI 1440, 52 pp. Available 
from OTS $1-S0 or depository library. 


HIGH ENERGY SPECTRA 
An IBM 709 program is described for 
obtaining high energy spectra in a spe- 
cified configuration. The system contains 
a number of fissile and non-fissile mater- 
ials arranged as concentric cylinders of 
infinite length. These are surrounded by 
an outer material with a square or rec- 
tangular boundary. A current version of 
the program is available as a self-load- 
ing binary tape which contains, in addi- 
tion, all the nuclear data available at 
present. The complete program occupies 
about 4500 words of core storage and 
nearly all the operations are performed 
using the floating point technique. 
A. ay carlo program for calculating high 
ay in cylindrical geometry on 
09 computer. S. Francescon. AEI 


Winfritt Report AEEW R 45, 20 pp. Avail- 
able from HMSO 3s 6d. 


PARTICLE SIZE ANALYSER 

A method of particle size determination 
and distribution based on measurements 
of the relative spread in repeated deter- 
minations of scattered radiation intensity 
as a function of viewing aperture dia- 
meter is described. The experimental 
work reported includes; evaluation of 
suitable beta sources, investigation of the 
optimum geometry required for these 
sources and data proving the feasibility 
of the principle. 

The development of a beta-ray particle size 
analyser. Seymour Z. Lewin, Jane Connor 
Sheridan and Eric J. Hewitt. Evans Research 
and Development Corp. Report NYO 2655. 
2 pp. Available from OTS $1-25 or deposi- 
tory library. 


COATED FUEL PARTICLES 


This paper reports an information meet- 
ing on work carried out at the Battelle 
Memorial Institute. Three main topics 
were covered; coated-particle fabrication, 
fuel-element fabrication and in-pile test- 
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ing. Interest at Battelle is related to their 
fuel element evaluation programme for 
the Sanderson and Porter pebble bed re- 
actor concept. The main type studied 
has been alumina-coated fully-enriched 
UO, manufactured by the fluidized-bed 
technique. This has shown excellent fis- 
sion product retention at 30,000 MWd/t 
burnup in the BRR. Less extensive work 
on carbon coated UC, is also reported. 
Progress on ceramic-coated fuel particles - 
Battelle. AEC information meeting. Re 


BMI 1468. 31 pp. Available from Ts 
$0-75 or depository library. 


NIOBIUM ALLOYS 


Niobium, already an attractive metal 
from the point of view of mechanical 
strength, thermal conductivity and cor- 
rosion resistance to sudium, can _ be 
markedly strengthened by alloying. The 
work reported here indicates that both 
chromium and zirconium are potent 
strengtheners of niobium. Limited inves- 
tigations have shown that strong and 
reasonably ductile welds can be produced 
by both arc and spot welding. Improved 
fabrication techniques are also reported. 
Development of high-strength niobium- 
alloys for elevated * rature applications. 
J. A. De Mastry, R. Shober and R. F. 
Dickerson. Battelle "ieee Institute. Re- 


port BMI-1417. 4 Available from OTS 
$0-75 or de pository rary 


FUEL PROCESSING 


This report is about the work, briefly 
mentioned at Geneva 1958, on the be- 
haviour of plutonium, uranium and some 
fission products in a system where 
uranium-plutonium alloy is melted under 
calcium. Rare earth and alkaline earth 
metals are extracted into the calcium 
while the plutonium, uranium and noble 
fission products remain in the fuel alloy 
phase. The authors conclude that molten 
calcium can be used for processing 
metallic fuels from fast reactors pro- 
vided the fuel melts well below 100°C 
and a suitable containment can _ be 
found. The process does not compare 
favourably with that of oxide slagging. 
There is an appendix on the determina- 
tion of tantalum, lanthanum and barium 
in uranium by tracer technique and 
spectroscopy. 

The use of molten calcium in the processing 
of metallic fast reactor fuels. I. L. Jenkins, 
= |: Keen, D. Lawson and J. L. Wood- 
ea 


d. AERE Harwell. Report AERE R 2949, 
21 pp. Available from HMSO. 


FUEL CELLS 


A 160 pp report prepared by graduates 
of the Harvard Business School for 
Fuel Cell Research Associates examines 
several fuel cells being considered for 
commercial application. They conclude 
from their economic and technical ana- 
lysis that ‘the fuel cell is definitely not 
in the class of exotic power sources and 
should soon play a major role in in- 
dustry ’. 


The report, which is extremely thor- 
ough, concludes that the most practical 
cell examined was Union Carbide’s 
hydrogen-oxygen cell. 


Fuel cells. Available from Fuel Cell Re- 
search Associates, P.O. Box 157, Cambridge, 
Mass., USA, $18-75, 


LOW ENERGY BETA PROBE 


Present probe designs used for measur- 
ing surface contamination are unsatisfac- 
tory for detecting low energy beta emit- 
ters. A new design of scintillation coun- 
ter, based on a prototype by R. B. 
Owen, uses a thinly deposited anthra- 
cene screen. The efficiency claimed is 
14%, for C-14 and 28% for Sr-90, The 
detecting area is over a Sin dia. circle 
and the design can be used with most 
standard ratemeters. 

A low energy beta probe. K. E. G. Perry 
and R. A. Bishop. AERE Harwell. Report 


AERE M 771. 12 pp. Available from 
HMSO 3s. 


WIGNER RELEASE 


Wigner stored energy in irradiated gra- 
phite may under certain conditions be 
released in the form of a thermal wave. 
This work describes calculations made to 
determine what amount of uniform cool- 
ing is needed to inhibit the propagation 
of the thermal wave. On the basis of a 
relaxation time model for graphite heat 
release kinetics the authors conclude that 
a time constant for cooling of about two 
hours is sufficient to prevent propagation 
through a typical graphite at 100°C. 

Propagation of thermal waves through gra- 
phite with uniform cooling. A. J. E. Fore- 
man and A, R. Curtis. AERE Harwell. 


Report AERE R 3500. 11 pp. Available 
from HMSO 2s 6d. 


New Reports 
Veu R t 





The recovery of uranium from reduction 
residues by semicontinuous ion exchange. 
N. J. Setter, J. M. Googin and G. B. 
Marrow. Union Carbide Nuclear Co. Re 
port Y-1257. 21 pp. Available from OTS 
$0-75 or depository library. 


Space power reactor optimization. K. f 
Buck and D. L. Cochran. Aerojet-General 
Nucleonics. 4 pp. For copies apply to the 
authors. 


Radioactivation analysis — a bibliography, 
first supplement. Compiled by D. Gibbons, 
D. Mapper, R. J. Millett and H. Simpson 
AERE Harwell. Report AERE 1)R2208 
(Supplement 1). 34 pp. Available from 
HMSO 4s 6d. 


The spectrographic determination of beryl 
lium in atmospheric dusts. J. C. Cotterill 
AERE Harwell. Report AERE AM 56. 12 
pp. Available from PAMSO 2s 6d. 


The preparation and testing of iodine-132 
column generators. J. Robson. AERE Har- 
well. Report AERE M 749, 17 pp. Available 
from HMSO 3s. 


Capacity, control and ‘TBP steam strip- 
ing’. Trials on a small evaporator. B. | 
ell and S. S. Grimley. AERE Harwell 
Report AERE R 3508. 23 pp. Available 
from HMSO 4s. 


Proceedings of the organic cooled react«’ 
forum, 1960. Published by Atomics |... 
national. 


Small reactors for Northern Canada 


Atomic. Energy of Canada Ltd. Report 
AECL 1045. 31 pp. Available from Scien- 
tific Document Distribution Office. AECL, 
Chalk River, Ontario, Canada, $1-50. 
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AMERICAN NUCLEAR SOCIETY 


Some points from the papers presented to the American Nuclear 


Society meeting held in San Francisco last December. A full report of 


the Eighth Hot Laboratory and Equipment Conference, held in 


conjunction with the meeting, is given on pp 72-74. 





TEMPERATURE PROBES 


An important step towards reducing hot- 
channel factors is the direct measure- 
ment of individual fuel-channel coolant 
temperatures. The method outlined re- 
places thermocouples with pneumatic 
temperature probes, It is claimed that 
the initial and operating costs are less 
than for the equivalent, replaceable ther- 
mocouple system when integrated with 
the burst fuel element system, and that 
the system can be maintained to operate 
at a desired accuracy throughout the 
life of a gas-cooled plant. The system 
has been designed for use in the EGCR. 
It is expected that pneumatic probes will 
become of increasing importance as gas 
outlet temperatures increase beyond the 
useful range of thermocouples. 

The use of pneumatic probes in gas-cooled 
reactors. L. L. Kintner, D. A. Lampe (Allis- 


Chalmers Mfg. Co.) and A. Armstrong 
(Marquardt Aircraft Corp.) 


PLUTONIUM RELEASE INCIDENT 
4 short report of a non-nuclear explo- 
sion involving an evaporator, which 
occurred in a shielded cell in the Radio- 
chemical Processing Pilot Plant at ORNL 
in November 1959. The explosion was due 
to inadvertant nitration of a proprietary 
decontaminant which deflegrated. The 
physical damage was slight and no one 
was hurt either by the explosion or the 
radioactivity release, The report describes 
the decontamination carried out and the 
safeguards now employed to prevent a 
similar occurrence. Full details of the 
incident will be given in USAEC report 
ORNL 2982 which will be available soon. 
Plutonium release incident at Oak Ridge 


National Laboratory. J. C. Bresee and L. J. 
King. ORNI 


MERCURY COOLED REACTORS 


There were two basic objectives of the 
programme outlined in this paper, The 
first, establishing the feasibility of a fast 
breeder reactor cooled with boiling mer- 
cury, and secondly the evaluation of the 
long range potential of such a reactor 
plant for producing economic power. 
Initial work on the programme was re- 
ported in the AEC research and devel- 
opment report ATL-A-102 (available 
from OTS). A final report covering the 
current work will be available later this 
year. 

Extensive work has been carried out 
on core design parametric studies lead- 
ing to the conceptual design of a com- 
plete power plant. Background informa- 
tion from the experience gained in con- 
ventional power plants using the so 
called mercury topping cycle and on fast 
breeder technology developed for the 
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EBR and the Enrico Fermi programme. 
The attractiveness of mercury as a ther- 
modynamic fluid is because of its good 
heat transfer properties, it is not subject 
to thermal or radiation decomposition, 
it is chemically inert, has a low vapour 
pressure at high temperatures and the 
vapour can be used directly in a turbine. 

The initial studies have been limited 
to a plant using an indirect mercury 
cycle and using U-10% Mo fuel. The 
plant will produce 100 MWe and this 
figure allows direct comparison to be 
made with the fuel cycle and capital 
costs of sodium cooled reactors. The 
author says that the study shows that 
the McBR is technically a feasible reactor 
showing a long range economic potential. 
Evaluation of mercury cooled fast breeder 


reactors. D. W. Battles. Advanced Techno- 
logy Laboratories. Report ATL-505, 


CLADDING DEFORMATION 


An experimental programme to deter- 
mine whether the thin cladding, of inter- 
est in superheat reactors, will undergo 
plastic strain cycling as a result of UO, 
thermal expansion or cracking during 
irradiation was presented to the meeting. 
It discussed the results reported in the 
three progress reports on nuclear super- 
heat, GEAP-3468, GEAP-3538 and 
GEAP-3581. The results reported are for 
a series of experiments with different 
clad thicknesses and diametral clear- 
ances. One of the most interesting 
results showed that cladding had well 
defined ridges over each pellet-to-pellet 
interface. Further experiments showed 
that these ridges appear to depend on 
the initial gap spacing rather than the 
high heat flux. The ridges have been 
observed on each capsule with an initial 
0-009 in gap but only faintly or not at 
all on those with smaller gaps. Further 
work is being directed towards estab- 
lishing whether growth would be cyclic 
with changes in reactor power. 

Deformation of thin cladding by thermal 
expansion and/or cracking of U M. F. 


Lyons. Atomic Power Equipment ” Depart- 
ment. General Electric Company. 


XENON INSTABILITY 

A model is presented for extending the 
investigation of the fundamental mode 
xenon instability to include temperature 
effects. The paper shows that for posi- 
tive values of the overall flux coefficient 
the linear stability curves for reactor 
reactivity against the ratio of tempera- 
ture reactivity defect to xenon reactivity 
defect are S-shaped. When the tempera- 
ture reactivity defect is greater than the 
xenon reactivity defect, the reactor is 
absolutely stable against xenon oscilla- 
tion. The general adequacy of the model 


has been checked by using the ‘ Newton’s 

Law of Cooling’ model for temperature 
effects and by the addition of delayed 

neutron emitter equations. 

a effect of temperature on xenon instabi- 
ty 


Chernick, G. Lellouche and W. 
Wollman. Brookhaven National Laboratory. 


PRTR FUEL SCHEDULING 


Information obtained from burnup and 
yield equations programmed on a differ- 
ential digital analyser have been inte- 
grated with procurement scheduling, fuel 
fabrication requirements and chemical 
reprocessing batch schedules to provide 
an overall PRTR plutonium fuel sche- 
dule. The report says that a steady state 
cycle will be expedited by introducing 
about 35kg of nominal 20wt-% of 
Pu-240 into the reactor feed plutonium 
inventory. 


Plutonium recycle reactor fuel scheduling. 
J. G. Bradley. General Electric Company. 


THERMIONIC REACTOR SYSTEMS 


Data required for the incorporation of 
thermionic cells into reactor systems is 
already available. This paper describes 
the fundamentals involved in converting 
nuclear heat into electricity using such 
cells and considers three concepts for 
their application; in-pile; pile-surface; 
and out-of-pile. The report also details 
likely applications for these systems in 
space, marine and central-station plants. 


Thermionic reactor systems. R. C. Howard. 
General Atomic. Report GA-1842, 


AUTOMATIC POWER STATION 


A system which will produce 1MW of 
electricity for one year unattended is 
required for field use in about four 
years time. The authors of this paper 
have examined the PWR concept and 
conclude that a reliable, simplified sys- 
tem can be developed in the time. They 
say that four years does not allow de- 
velopment of new concepts and techno- 
logy and that they chose the pwr be- 
cause it appears readily adaptable to 
simplification and there is favourable 
operating experience. Control require- 
ments are satisfied with a system based 
on the inherent self-regulating character- 
istics of a highly enriched Pwr. Water 
treatment would not be necessary if the 
plant were hermetically sealed. 

The feasibility of an unattended nuclear 
tan plant. M. W. Rosenthal et al. ORNL. 


eport ORNL-2985. 64 pp. Available from 
OTS $1-75 or depository library. 


FISSION GAS COLLECTION 


The amount of fission gases in ceramic 
fuels affects the optimization of the 
cladding design. To determine accurately 
the quantity of fission gases, a vacuum 
system has been devised at Vallecitos 
which contains equipment for puncturing 
fuel elements of almost any physicai 
configuration and for heating fuel speci- 
mens in any controlled atmosphere. It is 
claimed that for these high temperature 
gas evolution studies, the error of re- 
producibility is 5%. 

A fission gas collection system, R. E. 
Womack. Atomic Power Epes ee 


General Electric. Report GEAP-3577. 10 
Available from General Electric, Vallecitos. 
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RESEARCH AND DEVELOPMENT 


Radiography for nuclear power 


world's first mobile accelerator 


THE FIRST completely mobile linear 
accelerator in the world has recently 
been delivered to the UK Atomic En- 
ergy Authority. Designed by Mullard 
under contract to the AEA, this 4:3 
MeV, 2 ton unit will permit the welds 
in the four-inch thick steel walls of 
pressure vessels to be radiographed on 
site with the minimum disturbance to 
constructional work. It will be used 
for the first time at Trawsfynydd. 

Incorporating many of the standard 
components employed in Mullard’s 
standard range of 4:3 MeV accelera- 
tors, the new equipment has been en- 
gineered into a robust self-contained 
unit, measuring approximately 8 ft 9 in 
long by 4ft 9in wide by 5 ft high. It 
can be rotated about both horizontal 
and vertical axes for rapid, accurate 
alignment on to the specimen ; it may 
also be mounted on a tower, or sus- 
pended from suitable lifting tackle. 

A novel feature is the incorporation 
of the entire vacuum and cooling sys- 
tems in the accelerator unit, thereby 
eliminating the need for lengthy hose 
connexions. The control cabin, which 
houses the ancillary electrical and 
control equipment, is a transportable 
weatherproof structure of fibreglass 
which may be sited up to 250 ft away 
from the accelerator. 

The radio frequency power that 
propels the electromagnetic waves into 
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the accelerating waveguide has as its 
source a high power magnetron valve. 
pulsed from a modulator supplying 
electric pulses of about two micro- 
seconds length at 50,000V and 100 
amp. Because the pulse repetition fre- 
quency is variable up to 500 pulses/s, 
the equipment can be used for strobo- 
scopic radiography of moving objects 





The accelerator head swings in the ver- 

tical plane in two bearings, one (above) 

housing the pumping gear, the other 

containing the power driven tilting 
gear and radiator 


The machine _ is 
positioned at the 
centre of the pres- 
sure vessel (left), 
and to assist align- 
ment of the beam, 
the field area is 
illuminated 


The control cabin 
and motor alterna- 
tor (right) provide 
a stabilized power 
supply 


* 280 





This Mullard 4MeV linear accelerator 

can be mounted on a simple tower or 

suspended from suitable tackle. Rotation 

about both horizontal and vertical axes 
is possible 


by relating the frequencies to the 
periodicity of movement. 

In addition to the pulse modulator, 
the various ancillary equipment pro- 
vided includes a p.r.f. generator, elec- 
tron beam lens power supplies, con- 
trol and monitoring units and general 
power supplies. 

The maximum intensity of X-radia- 
tion is over 600 roentgens/min mea- 
sured in air at a distance of 1 m from 
the target. This radiation is collimated 
by a heavy metal cone to a diameter 
of 30cm, and field defining dia- 
phragms enable the field to be adjus- 
ted to any size from 30 by 20cm 
down to 30 by 5cm at 1 m from the 
target. The head can be rotated for 
field alignment, and automatic termin- 
ation facilities by time or radiation 
dose are incorporated. 

The time required to obtain a radio- 
graph through 4in of steel with the 
accelerator 1m from the surface of 
the object is as little as 4s; an 8in 
thickness can be radiographed in 
42s; and 12 in in less than 9 min. 


se 
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gh speed radiography 
8 MeV linear accelerator 


ther linear accelerator, with even 
greater radiographic intensity, is being 
built by High Voltage for A. O. 
Smith’s Atomic and Process Equip- 
ment division. Using an operating 
head 11 ft long and 30 inches diameter, 
with a 12in radiation aperture, this 
new 8 MeV ‘ Linac’ will produce 6009 
roentgens/min. 

The equipment provides a choice of 
focal spot sizes of one millimeter and 
five millimeters, with respective out- 
puts of 1500 and 6000 roentgens/ min. 
At full power and at a distance of 
9 ft, the 5 millimetre focal spot source 
will X-ray an 11 in thickness of steel 
in about I min, or 16in of steel in 
about 18 min, The 1 millimetre focal 
spot source, providing greater clarity 
or resolution, will radiograph 8 in of 
steel in about 1 min, or 14 in of steel 
in about 30 min. 

Unlike the new Mullard accelerator, 
the ‘Linac’ is not intended for on- 
site application. It will be housed in a 
special building with 6 foot thick con- 
crete walls. The room that houses the 
operating head will be 40 by 80 ft. 
large enough to allow the passage of 
railroad flat cars that will carry the 
material to be radiographed. 

In operation, the head will be sus- 
pended from an overhead crane to 
permit raising it from floor level to a 
height of 16ft. It can be tilted to 
point its beam vertically downwards, 
or it can be rotated to 45° upwards. 
For safety precautions, the are of the 
operating head is limited so that it 
can never be aimed at the main en- 
trances of the room. In addition, in- 
terlocks prevent operation if any of 
the lead-shielded doors are left open. 
* 281 
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UO, bonding 


low-cost fuel elements 


A method for fabricating low cost 
stainless steel clad UO, fuel elements 
by the gas-pressure-bonding technique 
has been investigated at the Battelle 
Memorial Institute. Both the densifi- 
cation of the oxide and its cladding 
in a single bonding operation was 
achieved. The programme _ included 
rod, flat-plate and tubular designs. 
Initial studies covered the charac- 
terization of the oxides and their cold- 
compaction behaviour; cold-pressing 
was established at 10 to 55 tons/in?, 
ind green densities of up to 86% of 
theoretical were achieved. It was also 
found advantageous to employ mix- 
tures of the oxides to attain high den- 
sity cold-compacted cores which were 
‘active’ during subsequent pressure 
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bonding. Bonding conditions of 3h at 
2100°F and 10,000 lbf/in? produced 
optimum tensile properties in the 
stainless steel bonds and also per- 
mitted attainment of high final oxide 
densities (Table 1). 

Determinations revealed that those 
uranium dioxides with excess oxygen 
tended to return to stoichiometry dur- 


RANGE OF INITIAL 
DENSITY, °/ of 





ing the bonding operation. Permeabi- 
lity and thermal conductivity deter- 
minations on_ selected specimens 
yielded values consistent with pressed 
and sintered oxides of equivalent den- 
sities. Mixtures of the ceramic and 
fused grades, containing from 30-60 
w/o ceramic oxides, demonstrated the 
most promise. * 282 


TABLE 1 Densities of pressure-bonded uranium dioxide 


RANGE OF 
BONDED 





theoretical DENSITIES), 
DESCRIPTION OF OXIDE Pressed Tamp % Of STRUCTURE?) 
40-50 packed _ theoretical 
; tons / in? : ; 
Mallinckrodt ceramic 54-8-58-3 96-7-98-5 High density with little 


Mallinckrodt and Numec 
high fired 72:7-16:1 


Mallinckrodt special 


19-0-20-0 98-5-99- 


A 


apparent porosity 


90-3-95-8 Little grain growth, par- 


ticles not well bonded 


dense 75-6-80°3 _- 83-1-93-1 Oxide particles remained 
- 549-634 85-7-89-6 porous, point bonding 
Spencer fused 77-2-85 —- 82:5-94-9 Point bonding, budging 
53-8-69°4 82-5-88-9 effect in structure 
Fused and ceramic 
mixture 
25% ceramic 72-0-83:°5 92:2-96:7 Occasional budging of 
particles 
40°, ceramic 74:5 97°8 Low porosity well bonded 
50°, ceramic 67-0-72-0 99-0-99-5 ve 
75% ceramic 63-0-67°1 99-0-99-5 
Fused and high-fired 
mixture 
25% high fired 78-5-86°8 88-9 Little or no bonding 
High-fired and ceramic 
mixture Well bonded, apparent 
25% ceramic 68-5—71-4 92-9-95-0 high porosity 


(a) Samples bonded at 2100 to 2300°F for 3h at 10,000 Ibf/in?. (6) Comments based 
on metallographic observation. 


Research at Argonne 


activities reviewed 
Argonne National Laboratory has just 
completed its fourteenth year of acti- 
vity. Operated by the Chicago Uni- 
versity, with its complex of over 100 
buildings and a total staff of 4000, the 
establishment has made significant 
contributions to nuclear energy devel- 
opments. 
The major event for 1960 was the 
commencement of the 12 GeV proton 


synchrotron project, a £M15 facility 
that will be used not only by Ameri- 
can scientists, but also by those from 
other countries (see Nuclear Power, 
August °*60, p. 97). Another major 
tool for basic research, commissioned 
in 1960, is the double-focusing mass 
spectrometer of 100 in radius. 

On the reactor side, and aimed at 
more efficient power generation, is the 
building of the fifth in a series of 
boiling water reactor experiments, 
Borax VV. incorporating a_ nuclear 





WORKING FOR HECTOR Fairey En- 
gineering, who have already designed 
and constructed rig and loop assemblies 
for the UKAEA’s DIDO, PLUTO and 
BEPO, are the main contractors for 
Winfrith Heath’s HECTOR, a zero en- 
ergy experimental reactor scheduled to 
go critical during 1962 (see ‘ Nuclear 
Power’, December 1960, p. 98). The 
degree of temperature control required 
for this particular design is very close, 
and the temperature stability test rig 
shown is a graphite stack contained 
within the vessel surrounded by scaffold- 
ing, and it is being used to simulate 
HECTOR’s core 
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superheater, and scheduled for com- 
pletion by Spring 1961. The Experi- 
mental Breeder Reactor II will also 
be completed about the same time. By 
mid-1961, the Juggernaut (see this 
issue, p. 81) should be operating and a 
programme of work is scheduled for 
the development of nuclear instru- 
ments and research work associated 
with analytical chemistry and _ elec- 
tronics. Started, but scheduled for 
1962, is a fuel reprocessing facility 
that is directed towards reducing the 
existing high processing costs. 

* 284 


Extending the supergrid 


Dungeness link 
In continuance of the 275 kV _ super- 
grid into South Eastern England, and 
forming part of the plan for closing 
the ring around London, the two 615 ft 
towers for the Thames crossing at 
West Thurrock have been completed. 
The new line, of which the crossing 
forms a part, will continue via Can- 
terbury to Lydd with connexions to 
the cross-channel cable link and to the 
nuclear power station at Dungeness. 
Designed by Blaw Knox, with con- 
struction by BICC, using Sykes equip- 
ment for lifting, the towers which are 
made from high-tensile steel will have 
to support a transmission line span of 
4500 ft and a minimum clearance of 
250 ft above mean high water. 
* 285 





PERSONAL RADIATION MONITOR A 
new radiation protection instrument has 
been developed at Oak Ridge National 
Laboratory about the size of a fountain 
pen, that weighs only 340z, and gives 
an immediate warning sound and a flash- 
ing signal in the presence of a gamma 
radiation field. Proportional indication 
of radiation intensity is obtained over 
a range from natural background to 200 
roentgens per hour. The normal range 
extends from background to one roent- 
gen an hour. By inverting the device, 
the range is automatically increased to 
200. The instrument uses a miniature 
Geiger counter and a tiny hearing aid 
earphone coupled to a resonant air 
column as the warning tone source 

* 
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BOILERS FOR TRAWSFYNYDD The 
twelve 350-ton boilers are fabricated on 
site from completed single strake sec- 
tions. Using Yates manipulative equip- 
ment and 28 ft high welding travelling 
columns with retractable beams, these 
single sections are first welded together 
on five sets of rotators to form double 
strakes, after which they are lifted on 
to either of two final assembly travel- 
ling rotator sets for the final welding 
operation. Internal gear and pinion 
power unit drives for the rotators were 
incorporated in each set to give greater 
clearance for the thermal sleeves and 
the superstructure 





Isotopes for mining 
NCB steering device 


Radioisotopes are being used in 
Britain as an aid to underground coal 
production, Still in the experimental 
stage is a nucleonic steering device, 
developed at the Isleworth Mining 
Research Establishment, that will pre- 
vent power-loading machines from 
cutting into the uneven rock floor of 
the seam as they move along the coal 
face. 

The radioisotope, mounted on the 
machine near the floor, emits low 
energy gamma-rays. The intensity of 
scattering of these rays, measured on 
a meter in view of the operator, will 
show the distance between the lower 
coal cutters and the floor by indicat- 
ing variations in the thickness of a 
‘skin’ of coal left by the machine. 
The operator will thus be able to pre- 
vent the machine from cutting into 
the rock floor, despite slight undula- 
tions in the seam. On its proving tests 
at the New Lount Colliery, Leicester- 
shire, but as yet only hand steered, its 
use has halved the dirt content. 

A subsequent development will be 
to link the information from the 
nucleonic device to electro-hydraulic 
valves operating the machine’s steer- 
ing system, thereby giving 100% com- 
pletely accurate automatic and vertical 
steering control. * 288 


IN BRIEF 





Heavy water monitoring AECL have de 
signed an instrument for heavy-water ana- 
lysis by automatically measuring infra-red 
absorption at three or more wavelengths 
Changes of 10 p.p.m. in the light-water con 
tent of heavy water can be detected. 
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New radiation laboratory Employing cobalt- 
60, caesium-137, and spent fuel elements, 
and with a total radiation of some two 
million curies, the Brookhaven National 
Laboratory has commenced building a new 
laboratory for process radiation develop- 
ment. 


* 290 


Pumping corrosives A rotary pump, suitable 
for operation in hydrofluoric acid has been 
developed at the UKAEA, Capenhurst. The 
pump’s main feature is a long hollow shaft 
with bearings self-lubricated by an enclosed 
oil circuit. 


* 291 


Radiochemicals aid medicine The UKAEA 
at Amersham are growing Chlorella, or green 
pond slime, under closely-controlled sterile 
conditions in an atmosphere of radioactive 
CO,. This is to ensure uniform saturation of 
all atoms, so necessary in its use as a tracer 
for research into heart diseases and in anti- 
biotics. Separation of the micro-organisms 
is done by ultrasonics, centrifuge, freeze- 
drying and paper chromatography. 

* 292 


Control rod generators Bruce Peebles are 
making the l.f. generators for Trawsfyn- 
ydd’s control and rod drive. The system, 
essentially static, generates at low level a 
very low frequency 3-phase waveform, 
that is amplified up to kW level by magnetic 
amplifiers. A first sector cubicle, capable of 
driving up to 5 rod motors, is about to 
undergo tests. 
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Liquid level monitor Making use of moiré 
fringe light diffraction patterns, an automatic 
burette monitor has been devised at the UK 
AERE that determines the height of a liquid 
to within 0-01 in. 

* 294 


Radiation monitor for Germany The first 
to operate on the continent of Europe, 
Nuclear Enterprises human body monitor 
(see Nuclear Power, August, p. 103) has 
been installed at the Karlsruhe Reactor 
Centre. Associated with it is the largest elec- 
tronics unit of its kind. Housed in an 11 ft 
long console desk, it includes five non-over- 
loading linear pulse amplifiers, three single- 
channel pulse height analysers, and an eight- 
channel scaler. 


* 295 


Magnesium oxide fibres Resembling fibre 
glass, Semi-Elements have produced on a 
laboratory scale, MgO fibres of a few mi- 
crons in thickness. Because of its interesting 
potentials, investigations into commercial 
production feasibility are being carried out. 
As a fabric it would withstand temperatures 
> 2600°C; suitably doped it could be used 
to form filaments that would light up in the 
open air. 


* 296 
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page 114, 
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RECENT expansion of Ekco Electronics 
activities in the Southend area has led 
reorganization of individual 
responsibilities. Chief of these is the 
appointment of Mr P. J. Harvey, for- 
merly chief electronics engineer, as man- 
ager of the Nucleonics and Industrial 
Division. In his new post, he will be 
responsible for research and develop- 
ment covering nucleonic and _ physical 


to some 





P. J. HARVEY 
Industrial manager 


A. G. WRAY 
Marconi appointment 


instrumentation and control, The divi- 
sion is engaged in the application of these 
techniques in research and medicine, 
industry and reactor instrumentation. 


Among the four new engineering 
appointments announced by Marconi 
Instruments Ltd is that of Mr A. G. 
Wray as Deputy Chief Engineer. For the 
past four years, he has been in charge of 
the company’s Advanced Development 
Group, responsible for the design and 
development of atomic power instrumen- 


NUCLEAR POWER February 1961 


1AEA/ENEA 
AGREEMENT The 
protocol regarding 
entry into force of 
the agreement for 
collaboration be- 
tween the European 
Nuclear Energy 
Agency and the In- 
ternational Atomic 
Energy Agency is 
signed by (left to 
right) M. Pierre 
Huet, Director, 
ENEA, Prof.Leandre 
Nicolaidis, chairman 
of the ENEA Steer- 
ing Committee, and 
the Hon. W. Ster- 
ling Cole, Director 
General, IAEA 


John Radford 


tation and multi-channel microwave test 
equipment. Mr Wray joined the com- 
pany in 1944 and was appointed com- 
pany physicist in 1952. Other Marconi 
appointments are that of Dr R. L. Gilbert 
as advanced product engineering man- 
ager: and Mr A. Haviland and Mr D. R. 
Willis as proprietary engineering man- 
agers responsible for the design and 
development of groups of products. 


Congratulations to Sir John Cockcroft 
on his winning the 1961 Atoms for Peace 
Award. Sir John, a 1951 Nobel Prize 
Winner, will receive the award on April 
6 at the Massachusetts Institute of Tech- 
nology. The award was established as a 
memorial to Henry Ford and his son, 
Edsel, in response to President Eisen- 
hower’s 1955 Geneva appeal for inter- 
national efforts to develop nuclear energy 
for peace. 


Promotion plans for 1961 were dis- 
cussed by Mr Richard Foxwell, manag- 
ing director and Mr Gordon Bell, gen- 
eral sales manager of Wayne Kerr 
Laboratories during their recent visit to 
the United States. Talks were held with 
their American company in Philadelphia, 
with particular emphasis on the introduc- 
tion of their Transfer Function Com- 
puter to the US market at the Institution 
of Radio Engineers Show, New York, 
in March. The American market is, of 
course, an important one for Wayne 
Kerr as total exports account for more 


than 40% of their production of instru- 
ments in the UK. 


With 27 years as a member of the 
Institution of Works Managers behind 
him, Mr Alan Meredyth Hudson Davies, 
managing director of Fibreglass Ltd, 
was elected chairman of the Institution 
for that body’s 30th year. Mr Davies 
was honoured with a Fellowship of the 
Institution in 1945 in recognition of his 
outstanding contribution to industry. 
Aged 59, Mr Davies is a member of the 
Council of the University of Liverpool, 
a member of the Grand Council of the 
Federation of British Industries and a 
Governor of Fircroft College for Adult 
Education. 


A noted mathematician and an author- 
ity on nuclear reactor theory, Dr J. Ernest 
Wilkins Jr has joined General Dynamics 
Corporation’s General Atomic Division. 





HUDSON DAVIES 
new chairman joins 
General Dynamics 


J. E. WILKINS 


His post is assistant chairman of the 
Theoretical Physics Department at the 
John Jay Hopkins Laboratory for Pure 
and Applied Science. Dr Wilkins was 
previously manager of research and 
development, Nuclear Development Cor- 
poration of America. A major part of 
his work has been in the area of the 
penetration of neutrons and gamma rays 
through matter. 


Mr A. R, O. Williams, a managing direc- 
tor of Consolidated Gold Fields of South 
Africa Ltd, has been elected president of 
the Institution of Mining and Metallurgy 
for 1961-62. 


Mr Frederick Baillie, who joined the 
Cambridge Instrument Company as pro- 
duction manager in August, will be 
responsible for production planning at 
the company’s three UK factories. 


Mr Milton F. Pravda has joined the 
Martin Company’s Nuclear Division as 
chief of system design. He was former 
manager of reactor design for the 
USAEC’s Natural Circulation Reactor 
project. 


Mr J. H. Price has been appointed gen- 
eral manager of Expandite (Australia) 
Pty Ltd. 
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New Product Survey 


EQUIPMENT - INSTRUMENTS : MATERIALS 





REMOTE HANDLING 


new manipulators 
With the introduction of three new re- 
mote handling manipulators, Nuclear 
Equipment’s range of equipment now 
extends from the smaller hand-operated 
manipulators capable of carrying out a 
full variety of movements on loads up 
to about 101b, to the largest of the 
powered mechanical arms capable of a 
direct lift on loads up to 5000 Ib. 

The NEY, a modified version of the 
NE8 manipulator, meets the demand for 
handling weights in the 8-301b range, 
and its typical uses are the lifting and 
handling of fuel elements, and the mani- 
pulation of valves, clamps and special- 
ized power hand tools. 

The Model 100 powered mechanical 
arm of General Mills design, has a load 
capacity of 40 1b for all manipulations, 
and of 2001b for direct lift with hook. 
Three motions are provided: grip, wrist 
rotation and elbow pivot. Brakes or irre- 
versible drives are used in each motion 
to ensure against creeping under load, 
and to obtain fail-safe operation. Limit 
switches control the forearm movement 
through an are of approximately 270° in 
the vertical plane. The maximum upper 
arm rotation is through 2} revolutions, 
whilst wrist rotation is fully continuous 
in either direction. 

The Model 150, also from General 
Mills, has been specifically designed for 
alpha-gamma handling in a_ confined 





The Model GM100 powered mechanical 
arm gives complete cell coverage, both 
lengthwise and across, and a master 
rotary selector switch gives a choice of 
four speeds for each movement 
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space. It can be mounted on a conven- 
tional overhead bridge or boom, or it 
can be suspended from the ceiling of a 
dry box. Six motions are provided: con- 
tinuous rotation of the entire arm at 
3 rev/min; a full 360° movement about 
the shoulder; an arc of 300° in the 
plane of the upper arm; an arc of 180° 
in the plane of the forearm; a continu- 
ous rotation in either direction of the 
wrist; and a grip that opens 2} in. Load 
carrying capacity is up to 40 Ib. 

* 208 


FEED WATER ANALYSER 


automatic measurement 
Modern high-pressure boilers operating 
above 482°C must have the very mini- 
mum of silica concentration in the feed- 
water. The EIL silica analyser, model 
S8A, manufactured under licence by 
Electronic Instruments, solves the prob- 
lem by providing a completely automatic 
means of measuring the concentration of 
silica in water. 

It is essentially a colorimeter—a mea- 
sured sample of water is taken auto- 
matically, a fixed volume of molybdate 
solution is added followed by the re- 
ducing agent. A blue shade develops 
which is compared photoelectrically with 
a perspex blank. The differential output 
of the photocells feeds a transistor am- 
plifier giving an output of 1 mA into a 
resistance of 1500 ohms for full-scale 
deflexion. The output drives a suitable 
recorder; the whole sequence is auto- 
matic and is controlled by a mechanical 
programme timer. 


* 209 


SOIL DENSITY METER 


uses radioactive source 


To assist in the control of soil compac- 
tion, a meter that determines both den- 
sity and moisture content to an accuracy 
of 1-5 has been developed by Soil 
Mechanics, in association with Dynatron. 

The density system comprises a cae- 
sium contained in the end of a stainless 
steel probe, and a Geiger-Muller tube. 
The moisture system consists of a radium 
beryllium source, a BF3 proportional 
counter, and a transistorized e.h.t, and 
pre-amplifier assembly. The sources are 
shielded by lead and sintered tungsten 
and a locking device fitted to the probe 
prevents accidental exposure. 

The scaling unit circuit comprises five 
counting display tubes fed by transistors 
that enable a total of 10° counts to be 





For density measurement, a gamma 

source housed in a probe penetrates the 

ground to a fixed depth. For moisture 

content, a fast neutron source is placed 

on the ground surface and the intensity 

of the slow neutrons scattered back 
from the soil is detected 


registered. The unit includes a stabilized 
voltage for the G.M. tube, a test pulse 
generator and a built-in timer. Power is 
provided by a compact rechargeable bat- 
tery enabling ten hours’ continuous oper- 
ation. 

* 210 


RADIATION DETECTION 


hand monitor 
Stonebridge Electrical’s new hand moni- 
tor consists of two units, a detector, type 
EOA1, and a transistorized table type 
monitor with aural indication and two 
trip circuits. 

The detector is provided with two 
windows, each having three counter tubes 
beneath. The tubes are protected by a 
grating and two foils, a lower one pre- 
venting the entry of light, and the upper, 
a mylar foil, for mechanical protection. 
The latter is protected from contamina- 
tion by a sheet of paper packed as a roll. 

For normal operation, all six counter 
tubes are connected in parallel and, by 





Although the Stonebridge radiation de- 

tector is primarily a hand monitor, with 

a suitable grating, it can be used for 
checking footwear 


NUCLEAR POWER February 1961 

















neans of a selector switch, each counter 
tube can be tested individually for the 
presence of background. 
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RADIOACTIVITY IN WATER 

high sensitivity monitor 
Elliott Nucleonics’ new water radio- 
ictivity monitor, type ND.2151, has a 
full-scale output of 50 counts/min, cor- 
responding to 200 yvuc of strontium 90, 
and a water sampling rate of 201 per 
week. 

The sampling unit, which contains a 
Geiger-Muller tube of the thin wall beta- 
gamma halogen quenched type, is moun- 
ted in a perspex tube forming the mea- 
suring chamber which also contains the 
ion exchange resin. The flow of sampling 


water is controlled by an electrically 





Nucleonics 
monitor consists of a sampling unit and 


Elliott water radioactivity 


an indicating unit. Average counting 

rate is continuously recorded but an 

alarm unit may be included to work 

when a pre-determined count rate is 
reached 


operated timing mechanism working in 
conjunction with a variable throttle 
valve. 

Pulses from the Geiger tube are in- 
verted and shaped in a pre-amplifier unit, 
and fed to a ratemeter which provides 
an output proportional to the counting 
rate averaged over about 10 minutes. 


* 212 


INDUSTRIAL RADIOGRAPHY 
portable tank units 
Two Muller industrial X-ray portable 
tank units, from Research and Control, 
are claimed to give fully consistent radio- 
graphs through automatic kV application. 
The desired kV value and exposure 
time are pre-selected and automatic op- 
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The new Muller 55 Ib model K and 84 Ib 

model L X-ray tank units for industrial 

radiography. A button control box suit- 

able for either unit allows pre-selection 
of kV value and exposure time 


eration follows when the exposure button 
is pressed. The kV is applied in two 
sequential stages, providing full electrical 
safeguards even when maximum kV is 
selected. Excellent duty cycles are also 
claimed through the use of an internal 
heat exchanger with forced circulation 
of insulating oil. The control box, suit- 
able for either unit, incorporates both 
voltage and thermal overload protection, 
in addition to a blinker device for the 
connexion of a _ high-tension warning 
lamp. 

Model K, for a maximum output of 
140kV 5SmA, has a 1:2 mm focal spot 
and weighs 551b; Model L, for a maxi- 
mum output of 200kV SmA, has a 
focal spot of 1-6 mm and weighs 84 lb. 
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NON-DESTRUCTIVE TESTING 


image intensifier 
By means of electronic intensification an 
X-ray image, 3000 times brighter than 
that available on a conventional fluoro- 
scopic screen, is produced by Tracerlab’s 
3000X image intensifier, The increased 
brightness levels not only lead to re- 
duced X-ray radiation levels but also 
to economies in generator and shielding 
requirements. 

The system also accommodates, either 
separately or in combination, _ tele- 
vision, 16 and 25 mm movie, 35 mm still 
or polaroid cameras. Automatic bright- 
ness control maintains consistent frame 
by frame, high quality films. 
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GAS PURIFIER 


automatic drying 
A self-contained unit, for hydrogen puri- 
fication, combining the features of the 
Deoxo Catalytic Purifier with those of an 
automatically operated drying unit con- 
taining a Linde molecular sieve, has been 
developed by Engelhard Industries. 
The Deoxo Puridryer, having a maxi- 
mum capacity of 100s.c.f.h., will purify 
normal commercial grade hydrogen to 
give a gas with an oxygen content of 
less than 1 p.p.m. By use of the molecu- 
lar sieve, as the drying agent, it achieves 


a dew-point as low as minus 100°F, 
which enables the gas to be fed directly 
to a furnace. 

The platinum metals catalyst used in 
the Puridyer to remove oxygen requires 
no re-activation, and unless poisoned by 
sulphur compounds, carbon monoxide, 
chlorine, and some organic compounds— 
which are rarely found in commercial 
hydrogen—it should last indefinitely. 

The Puridryer may also be used with 
other gases such as nitrogen, argon, 
neon and saturated hydrocarbons, pro- 
viding that two volumes of hydrogen are 
present in the gas to react with each 
volume of oxygen impurity to be 
removed. 
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RADIATION DETECTORS 


solid-state devices 
Much smaller than photomultiplier cry- 
stal combinations currently in use, a 
solid state particle detector has been 
developed by Semi-Elements that changes 
resistance by varying the amount of 
radiation present. In addition, it does not 
show any fatigue effects over prolonged 
periods of radiation. 

Its present application is in the form 
of an X-ray device, one application being 
the quality control of steel rolling where 
the steel passes between the detector and 
an X-ray source. Work is also in progress 
for the development of a more efficient 
solid state particle detector for gamma 
rays using a single crystal. 
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POLAROGRAPHIC ANALYSIS 


pulse technique used 
Manufactured by Southern Instruments, 
a pulse polarograph has been developed 
at Harwell that overcomes the limitations 








The AERE Pulse Polarograph is a ther- 

mostatically controlled electrode system 

incorporating a self-contained hydrogen 
generator for deoxygenation 
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of square wave polarography when ap- 
plied to irreversible reductions. It has 
the advantage of being capable of opera- 
tion with base electrolytes 100 times 
more dilute. 


The instrument is capable of produc- 
ing both normal and derivative polaro- 
grams, detection of reversibly and irre- 
versibly reduced ions at concentrations 
of 10-°°M and 10°7M respectively, being 
possible. Effects due to residual current, 
and to high concentrations of ions re- 
ducing at a lower potential, have been 
largely eliminated. 
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PULSE GENERATOR 


fast repetition rates 
The Du Mont Pulse Generator, Type 
404, recently introduced by Aveley, pro- 
vides continuously variable repetition 
rates from as high as 100,000 p.p.s. down 
to a single manually-triggered pulse. 





Front panel switching of the Du Mont 

pulse generator is arranged in channelled 

blocks according to function. All output 

controls are either switch or push- 

button actuated, and allow for any am- 

plitude to be duplicated at any time 
with perfect accuracy 


Special features are the rise and fall 
times of 0-02 and 0-025 microseconds 
(max.) respectively, and a continuously 
variable pulse width from 0-05 to 100 
microseconds. 

In addition there are facilities for pulse 
delay before or after trigger; an output 
trigger to synchronize external equip- 
ment; push-button multi-step attenuation 
calibrated in 0-5 dB steps to 59-5 dBs, and 
50 V output to a load impedance of 50 
ohms, with a maximum rise time of 20 
milli-microseconds at full amplitude. 
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WATER SAMPLER 


fully automatic 
Manufactured under licence from the 
NRDC, Elcontrol’s automatic water 
sampler permits a sequence of tests to be 
taken at regular predetermined intervals. 
The Sampler consists basically of a com- 
plete self-contained unit fitted with 
twelve 20-0z sample bottles, each sealed 
by an airtight plug through which passes 
a rubber tube connected to an outlet. 
Control is by way of pinch valves, 


%6 


each of which can be manually closed 
and subsequently re-opened  electro- 
magnetically. In addition to the bottles, 
associated tubing, and the valves, the 
unit contains a 15-day clockwork motor 


and a transistorized power pack driven 
by a 6V lantern battery. The pinch 
valves are automatically opened at pre- 
determined intervals controlled by the 
time clock. * 219 


IN BRIEF 





e Printed circuits. Belling-Lee have now 
developed a range of 8-way and 18-way con- 
nectors for their flat and flexible insulated 
ribbon feeder. 
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e@ Gas blowers. The RBS Holmes-Conners- 
ville positive blower has been modified to 
operate at 15 lbf/in*. For gases other than 
air, mechanical shaft seals can be fitted. In 
the event of an oil seal failure, gas con- 
tamination is impossible. 
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e Temperature measuring camera. A new 
infra-red television camera tube, introduced 
by EMI Electronics, coupled with an oscil- 
loscope, can be used to measure to a high 
degree of accuracy temperatures from 450 
upwards, Also available is a new vidicon tube 
that can be used to obtain television pic- 
tures from an ultra-violet microscope. 
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e@ Contamination protection. A new self- 
baking plastic coating, developed by Ever- 
shield and marketed in the UK by Acalor, 
has been used in certain areas at Bradwell 
for protection against radioactive contam- 
ination. 
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e@ Radiation warning. For the user of iso- 
topes, three types of self-adhesive warning 
signs are available from Continental Distri- 
butors: type CD1, in 72-yd rolls, each con- 
taining some 850 labels; CD2, in 18-yd 
rolls, each with about 420 labels; and a 
larger 9 X 24-in sign. 
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e@ Spectrophotometer glass. For the rapid 
and accurate calibration of recording spec- 
trophotometers, Corning have developed a 
special glass that is combined with holmium 
and transmits radiant energy in the ultra- 
violet region between 200 and 300 mum. 
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e Low radioactivity glass. ‘Lorad’ Glass 
7285, developed by Corning, has a radio- 
activity of less than 100 counts/min/kg, or 
less than 6% of comparable glasses. It is to 
be used for bulbs, headers, and other com- 
ponents for photomultiplier tubes. 
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e@ Cable sheathing. Good mechanical pro- 
perties, good oil, solvent and fire resistance, 
and excellent abrasion resistance, are claimed 
by British Geon for a new cable sheathing 
material made from a blend of Geon PVC 
and Hycar nitrile rubber. 
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@ Miniature potentiometer. Manufactured 
under licence by Miniature Electronic Com- 
ponents, the TPS single turn rotary potentio- 
meter is capable of dissipating 14 W at 
80°C; has a temperature range of —55°C 


to 150°C, and is available in ten standard 
values ranging from 50-SO0kQ. It has a 
maximum diameter of 0-5in and an overall 
length of 1-14 in. 
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e Analogue-digital converter, 8192 codes 
per revolution without gearing and modular 
plug-in components are two features designed 
into the Digisyn, type RD-13G, converter 
introduced by Wayne-George. 
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e Liquid scintillator. Pilot Chemical’s newly 
introduced ‘ Liquifor’, a 25 X concentrate 
of PPO and POPOP in purified toluene, is a 
pre-mixed liquid scintillator that saves weigh- 
ing and storing time and reduces the chance 
of error. 
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e@ Steam trap. Midland Industries have 
added to their range the ‘Mil Thermatic’ 
for the consistent discharge of condensate 
at steam temperature, from no load to 
maximum, In sizes 4-in and }-in, with a 
manganese bronze body it can be used from 
5-250 Ibf/in?, or in stainless steel, from 
5—400 Ibf/in?. 

* 231 


e Arc welding generator. A new generator 
for on-site use has been introduced by 
Petbow that withstands the inherent vibra- 
tion of diesel engine drive. A special field 
system provides continuous current adjust- 
ment between minimum and maximum at a 
near constant open circuit voltage. 
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e Leak detector. Working with helium, the 
new Crosby-Teletronics series 700 mass spec- 
trometer is capable of detecting air leak 
rates of 10-“cm*/sec, 10-um ft*/h. 
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e Induction heaters. New ‘SOkW = and 
100 kW heaters recently added by Radio 
Heaters, that operate at frequencies between 
lkc/s and 10kc/s, use for output power 
English Electric’s vapour cooled triodes, 
BY1121 and BY1102, instead of motor alter- 
nators. 


* 234 


@ Magnesium oxide. As a possible maser 
or laser material, Semi-Elements have re- 
cently made available magnesium oxide 
doped with the following rare earths: prase- 
odymium oxide, samarium oxide and neo- 
dymium oxide. Specimens can be obtained 
either as single crystals, 1-—3mm, cross- 
section, X 4mm long, or in larger poly- 
crystalline form. 


* 235 





* For further information on any item, circle 
the appropriate number on the reply card facing 
p. 114, 
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NUCLEAR PARTICLE 
ANALYZING MAGNETS 








Combined Magnetic Spectrograph and Spectrometer* 
designed and built for Chalk River Laboratories, Atomic 
Energy of Canada, Ltd., for energy analysis of protons, 
deuterons, and alpha particles. 


e Magnetic rigidity — 
Up to Bo = 865 kilogauss-cm (12- Mev tritons) 


e Resolving power (spectrograph) — 
E/AE = 103 or better 


Solid angle (spectrograph) — 
2 = 14x 10 ~3 steradians (max) 


Solid angle (spectrometer) — 
2 = 0.9 x 10-2 steradians (max) 


® Reaction angle — 
6 = 0 to 135 degrees 


e Detector — 
Nuclear track plate and scintillation counter 


*for further technical reference, see H.A. Enge, RS! 29, 885 (1958) 














TYPICAL MAGNET SYSTEM FOR 
12-MEV TANDEM Van de Graatt 
ACCELERATOR 


Combined magnetic spec- 
trograph and spectrometer 


Pre-acceleration negative 
ion analyzing magnet 





90° beam analyzing and | 
Stabilizing magnet for 

Bo = 865 kilogauss-cm 

(12-Mev_ tritons) 


Quadruple lens pair—2” 
aperture for post-accele- 
ration beam focusing 


Vi iL 

if-| | 
Multi-port switching . R4 Fg 
magnet J, 


For detailed information on magnets and accelerators, write to Technical Sales: 





BURLINGTON, MASSACHUSETYsS = VU. S.A. 
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OLDBURY SITE CONTRACT Sir 
Lindsey Parkinson and Co have been 
awarded a £2-2 million contract by the 
Central Electricity Generating Board for 
the circulating water system river works 
intended for the Oldbury nuclear power 
station. The contract will include the 
building of a reservoir on the river 
foreshore and site preparation for the 
station. 


HANDLING EQUIPMENT EXTENDED 
Nuclear Equipment Ltd, jointly owned 
by Savage and Parsons Ltd and General 
Mills Inc., now offers an extensive range 
of handling equipment for radioactive 
materials. With three new manipulators 
filling the intermediate requirement of 
10-200 lb, the company’s products range 
from the small pistol grip type to the 
mechanical arms capable of lifting 5000 
Ib. Existing contracts for the NE9 master 
slave manipulators include 60 from the 
UKAEA (see New Products this issue). 


ULTRA-MILES ELECTRONICS LINK 
A one-third share in Miles Electro- 
nics Limited is to be purchased by Ultra 
Electronics Ltd. The association is ex- 
pected to widen the scope of both com- 
panies’ activities. As a result of this tie- 
up, the share capital of Miles Electronics 
Limited will now be equally owned by 
the Miles family, Ultra Electronics Limi- 
ted and Lombard Development Corpora- 
tion Limited. Mr A. V. Edwards and Mr. 
L. R. Crawford, directors of Ultra, will 
join the board of Miles. 


TRAWSFYNYDD CONTRACT Pipework 
contracts worth about £300,000 have 
been obtained by Aiton & Co, Derby, 
from Atomic Power Constructions Ltd. 
[hey are for the supply and erection of 
steam, feed, circulating water, and cer- 
tain ancillary services for the two reac- 
tors now under construction at Traws- 
fynydd. 


PHILIPS SUPPLY ISOTOPES The com- 
mercial products of the Philips synchro- 
cyclotron installed at Amsterdam are now 
available from Research & Control In- 
struments Ltd. They include a number of 
items unobtainable from other UK 
sources, Neutron sources suitable for the 
activation analysis of metals, and for the 
polymerization of materials can be sup- 
plied. Target materials are offered to- 
gether with sealed sources for the cali- 
bration of spectrometers and measuring 
equipment. Arrangements can be made 
for the irradiation of customer’s own 
materials. 


CEGB ORDER FOR MILES ELECTRONICS 
Miles Electronics Limited, Shoreham, 
have been awarded a contract by the 
Central Electricity Generating Board to 
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provide a dual-sectioned reactor fuel 
element rapid thermal cycling rig to high 
accuracy specifications which will utilize 
an analogue computer for programming 
and control. This follows a contract 
awarded to F. G. Miles Limited for a 
similar rig for Atomic Power Construc- 
tions Limited. 


@ Mitchell Construction Co (Leeds) has 
been awarded a contract by the York- 
shire Electricity Board for the construc- 
tion of a reinforced concrete building 
to house the Board’s new electronic 
computer. 


@ Weir Valves Ltd has changed its 
name to Weir-Pacific Valves Ltd as the 
result of entering into a manufacturing 
agreement with Pacific Valves Inc. of 
California. 


@ Ultra Electronics Ltd has a contract 
from Atomic Power Constructions Ltd 
for the development of a sector servo 
control system for the reactors at Traws- 
fynydd nuclear power station. 


e BP Energol lubricants have been 
chosen for the Latina power station. 


@ Lancashire Dynamo & Crypto has re- 
ceived an order from Fairey Engineer- 
ing for nearly 400 permanent magnet 
motors for operating the reactor control 
rods of Trawsfynydd nuclear power 
station. 


@ An order for a new high vacuum 
brazing furnace worth more than £7500 
has been placed with Vacuum Research 
(Cambridge) Ltd by the Admiralty. 


OVERSEAS 


BAIRD STAKE IN DUTCH FIRM A con- 
trolling interest in a Dutch nuclear 
instrument company has been acquired 
by Baird-Atomic Inc. of Cambridge, 
Mass. The American firm, which specia- 
lizes in the manufacture of scientific in- 
struments, has obtained a major share of 
the stock of Electronisch Kernfysisch 
Apparatenfabriek NV (EKAF) which 
will now be known as Baird-Atomic 
Holland, NV. The move, according to 
Mr Davis R. Dewey II, president of 
Baird, ‘initiates a Baird-Atomic pro- 
gramme of stepped-up activity in the 
European market aimed at consolidating 
a position of leadership in the field of 
scientific instrumentation ’. Baird-Atomic 
also operates a wholly-owned subsidiary 
in Kleve, West Germany. 


FORUM ANNUAL REPORT The first 
really large nuclear power units are 
coming into operation and will provide 
the commercial operating experience nec- 


essary to assess the real prospects c 
atomic power. These words were ad 
dressed to members of the Atomic I 
dustrial Forum by its President, M 
Francis K. McCune, in the annual repo: 
of the forum for the year ended June 3( 
1960. Mr McCune added that the firs 
nuclear plant sold in international con 
merce would also be coming into opera 
tion soon and valuable experience wa 
being accumulated from prototype plant 
operating for some years now. This re 
presented real and specific progress. Th 
Forum’s annual report summarizes th: 
action programme undertaken by thi 
association to solve problems inhibitin; 
development of the full potential of th 
peaceful uses of atomic energy. 


NATURAL CIRCULATION REACTOR 
The USAEC has awarded a contract t 
Giffels and Rossetti Inc., Detroit, for the 
performance of  architect-engineering 
services for the design of the site facili 
ties for the Natural Circulation Reacto: 
Test Plant to be built at Arco, Idaho 
The Natural Circulation Reactor Test 
Plant is being developed at the AEC’s 
Knolls Atomic Power Laboratory which 
is operated by the General Electric 
Company. A natural circulation reactor 
eliminates the need for large circulating 
pumps and associated electrical generat- 
ing and control equipment, reducing 
capital costs. 


@ The Dominion Bridge Company Ltd 
is to supply two steam reheaters for 
Canada’s first large nuclear power sta- 
tion at Douglas Point, Ontario. The 200 
MW plant, CANDU, is expected to come 
into operation in 1965. 


@ The Yugoslav Atomic Energy Com- 
mission has ordered a neutron diffrac- 
tion apparatus from the German firm, 
Maschinenfabrik Nuernberg - Augsburg 
(MAN). It is to be installed at the Boris 
Kidric Institute at Vinca. 








BEPO RIG Ap in-pile rig for the AEA 
research reactor BEPO undergoes test- 
ing at Fairey Engineering Ltd's Heston 
works. With the rig it will be possible 
to irradiate metallurgical specimens at 
the temperature of liquid hydrogen 
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HIDE THE PYLONS ? 
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. . but 
pylons there must be if people want the amenities 


Not even trees can hide the pylons completely . 


that depend on electrical power. Over the next ten years 
Britain’s power demands will double—and that means 
more overhead lines. 

But although pylons can’t be made invisible, power 
lines can be planned to follow the least conspicuous route, 
to take advantage of natural screens such as woods and 
hills, and only break cover when unavoidable. This kind 
of careful planning, which is going on all over the country 


<i BF hag 

today, is in the hands of the Central Electricity Generating 
Board, which is charged by Act of Parliament to provide 
an efficient and economical power supply to the nation, 
while doing everything possible to preserve the natural 
beauties of the countryside. 

@ These advertisements are appearing in the farming and 
country magazines. The Central Electricity Generating 
Board thank electrical contractors for their co-operation in 
the past, and know that they will do all they can to preserve 
the amenities of the countryside. 


THE CENTRAL ELECTRICITY GENERATING BOARD 
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Diary 





24 JANUARY 
Experimentation and reactor design in 
process research and development, W. 
Waddington and W. D. Betts, Institution 
of Chemical Engineers meeting, Birken- 
head. Details, A. V. Bailey, 2 Finney 
Drive, Wilmslow, Cheshire 
25 JANUARY 
Non-destructive testing, R. W. Parish, 
Sports Pavilion, AWRE, Aldermaston, 
3 pm South graduates section meeting, 
Institution of Mechanical Engineers 
26 JANUARY 
Pressure vessels for gas-cooled graphite 
moderated reactors, Literary and Philo- 
sophical Society Rooms, George Street, 
Manchester, 6.45 pm. Details, Institution 
of Mechanical Engineers, 1 Birdcage 
Walk, London, SW1 
27 JANUARY 
Some aspects of the solvent extraction of 
metal halides, A. G. Maddock, Windscale 
Club, Seascale, 8 pm 
31 JANUARY 
Instrumentation past, present and future, 
L. S. Yoxall, Society of Instrument Tech- 
nology, London, 7 pm 
FEBRUARY 
X-ray fluorescence, Burlington House, 
London, WI. Details, Society of Analyti- 
cal Chemistry 
Diffusivities in aqueous solution, Midland 
Hotel, Birmingham. Details, Institution of 
Chemical Engineers, Midland branch 
FEBRUARY 
Nuclear — for aircraft, A. D. 
Baxter, T ‘ollege, Victoria Road, Swin- 
don, 7.30 om. Royal Aeronautical Society, 
Swindon branch meeting 
Standards in plant engineering, Dr E. L. 
Diamond, Royal Society of Arts, John 
Adam Street, London, WC2, 7 pm. 
Details, Institution of Piant Engineers 
9 FEBRUARY 
The = = solution of some industrial 
> lems, E. C. Cambell, Liver- 
as eT el rgical Society, Department of 
tallurgy, Liverpool University, 7 pm 
17 FEBRUARY 
First Croxon Memorial Lecture, The evo- 
of non-destructive testing, Dr L. 
Mullins, Caxton Hall, Westminster, 6.15 


~ 


pm. Details, Secretary, Society of Non- 
Destructive Examination (Mr D. T. Carter, 
ESAB Ltd, Gillingham, Kent) 

20 FEBRUARY 
The influence of availability of enrichment 
on reactor type and design, Nuclear En- 
ergy Group discussion, Institution of 
Mechanical Engineers. 6 pm 

21 FEBRUARY 
Weldability of mild and low alloy steels, 
Engineers Club, Manchester. Members’ 
meeting, British Welding Research Asso- 
ciation 

22 FEBRUARY 
Thomas Hawksley Lecture, Controlled 
Fusion Reactions, Professor P. S. 
Blackett, The Institution of Mechanical 
Engineers, 1 Birdcage Walk, 

23 FEBRUARY 
The Atomic Clock, J. Parry, The Society 
of Instrument Technology, Chester section 
meeting. Details, W. Trafford, 3 Heath 
Grove, Little Sutton, Wirral, Cheshire 

24 FEBRUARY 
lon-exchange, Royal College of Science 
and Technology, Glasgow. Details, Society 
for Analytical Chemistry and Royal Insti- 
tute of Chemistry 

28 FEBRUARY 
Safety of nuclear marine propulsion plant, 
joint panel, J. M. Murray and H. Pem- 
berton, The Institute of Marine Engineers, 
76 Mark Lane, London, EC1 


Future months 


9 MARCH 
Design application and selection of auto- 
matic control valves, Liverpool branch, 
Society of Instrument Technology, 7 pm 
Creep deformation, Liverpool Metallurgi- 
cal Society. Department of Metallurgy, 
Liverpool University, 7 pm 

21-26 MARCH 
Electrical Engineers Exhibition, Earls 
Court. Details, Electrical Engineers, 
A.S.E.E. Exhibition Ltd, Museum House, 
Museum Street, London, 

5-7 APRIL 
Electrical Contacts Symposium, London. 
Details, The Secretary, The Institute of 
Physics and The Physical Society, 47 Bel- 
grave Square, London, SW1 

17-19 APRIL 
International meeting on fluid 
Ashford, Kent. Contributions welcomed. 
Details, Mr H. Stephens, British Hydro- 


mechanics’ Research Association, South 
Road, Temple Fields, Harlow, Essex 
20 APRIL—4 MAY 
Engineering, Marine, Welding and Nuclear 
Energy Exhibition, Olympia, London. 
Details, S. W. Bridges & Sons Ltd, Grand 
Buildings, Trafalgar Square, London, WC2 
29 MAY—2 JUNE 
Conference, Property changes in reactor 
materials and radiation damage, Bristol. 
Details, A. Trevor Churchman, CEGB, 
Berkeley Nuclear Laboratories, 7 St 
Stephen’s Avenue, Bristol 1 


OVERSEAS 


20-25 FEBRUARY 
International Convention on Semi-Conduc- 
tor Devices, Paris. Details, Societé Fran- 
¢aise des Electroniciens et des Radio- 
électriciens, 10 Avenue Pierre-Larousse, 
Malakoff (Seine) France 

27 FEBRUARY—3 MARCH 
Conference on Analytical Chemistry and 
Applied Spectroscopy and Exposition of 
modern laboratory equipment, Pittsburgh. 
Details, W. F. Harris, Programme Chair- 
man, Pittsburgh Conference, Westinghouse 
Electric Corporation Research Labora- 
tories, Pittsburgh 35, Pa, USA 

17 APRIL 
Conference to consider draft convention 
on third party liability and indemnification 


resulting from operation of nuclear 
powered ta Antwerp, _ Belgium. 
Arranged PComite Maritime Inter- 
nationale 
15-20 May 


IAEA Nuclear Electronics Conference, 
Belgrade, Yugoslavia 

21-24 JUNE 
Fourth International Light Metals Con- 
gress, Leoben, Austria. Details, Montan- 
istische Hochschule, Leoben, Styria, 
Austria 

28 AUGUST—1l SEPTEMBER 
International Heat Transfer Contoenss, 
Boulder, Colorado. Details, S. P. Kezios, 
c/o American Society of Mechanical 
Engineers. 38 West 39th Street, New 
York 18, USA 


1962 


27 MAY—2 JUNE 
Fourth International Congress on Pre- 
Concrete, Rome and Naples. 
Organized by Fédération Internationale de 
la Precontrainte 








Industrial 
Literature 











Radiation detection. RCA’s catalogue of 
photosensitive devices and cathode-ray tubes 
has been brought up to date by the addition 
of data sheets covering multiplier photo- 
tubes 7200, 7264, 7265, 7326, 7764. 

* 251 


Protective paint. Detel Product's range of 
protective coatings includes ‘ Atomicote ’ 
suitable up to 10° réntgens. Their leaflet out- 
lines various applications, temperature re- 
sistance and drying times. 


* 252 
Non-destructive testing. The inspection 
facilities of Solus-Schall cover X-radio- 


graphy, penetrants, ultrasonic flaw detection 
and magnetic particle inspection. A new 
booklet discusses each method. 

* 253 
Control systems. The ‘ Panalarm ’ annuncia- 


tor system, that gives both visual and aural 
warning of off-normal conditions, is appar- 
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ently being applied successfully in a widen- 
ing number of industries. Panellit give de- 
tails of the latest equipment available in a 
recent catalogue. 

*% 254 


Stress relief, Pre-heat and stress relieving 
units for welded pipes have been designed 
by Stress Relieving Services for arduous 
field and in situ conditions. An introductory 
leaflet discusses materials and heat treatment 
methods. 

* 255 


Radiation equipment. Nuclear Enterprises’ 
catalogue of scintillation phosphors, nuclear 
instruments and low level counting installa- 
tions has been brought up to date and now 
includes the human body radiation monitor 
as supplied to Windscale. 

*& 256 


Reactor materials. Two new catalogues from 
the Compagnie des Ateliers et Forges de la 
Loire give details of their range of stainless 
steels and heat resistant steels, setting out 
mechanical properties and appropriate appli- 
cations. 

*% 257 


Nuclear valves. Blakeborough’s latest cata- 
logue presents typical examples of fluid 


control valves produced for essentially nu- 
clear applications. Each valve type described 
is accompanied by a list of the relevant 
installations, or work in hand. 

* 258 


Research reactors. Continuing his series 
‘a plain man’s guide to atomic energy’, in 
the current ‘ Fairey Review’ Mr Duncton 
switches to the research reactor field and 
includes a description of Winfrith’s HECTOR 
for which Fairey are the major contractor. 

* 259 


Computer programmes. Ferranti’s latest re- 
vision of their ‘Index to Computer Litera- 
ture’ covers library programmes for both 
the Pegasus and Mercury Computers. Others 
for the Sirius, Atlas and Orion computers 
are in preparation. 

* 260 


Metal coatings. Heat resistant coatings by 
the metal spraying process, for the protec- 
tion of steel again oxidation up to 1200°C, 
are discussed in a new Metallisation leaflet. 


* 261 





ok For further information on any item, circle 
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CAST IRON VESSELS 


for the 
ATOMIC ENERGY AUTHORITY 





Approved by Lloyd’s for 
Ciass II welding for 
pressure vessels 





One of the battery of special Cast Iron Vessels supplied to the 
U.K. Atomic Energy Authority. The body of the vessel is 
approximately 5ft. 8in. outside diameter by 6ft. 3in. high 
and the complete vessel weighs approximately 30 tons. 


ESTABLISHED 1841 
FOUNDRY & ENGINEERING CO. LTD. 


LUGSDALE ROAD, WIDNES, LANCS. L. 2251/4. GRAMS. ‘FOUNDRY WIDNES’ 
wo 
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lonized gases 


lonization Phenomena in Gases by Gordon 
Francis Butterworths Scientific Publica- 
tions, London, 1960. 300 pp Price 60s 


This book was written to complement 
the standard textbooks on ionized gases, 
treating those branches of the subject 
which are closely linked with other 
branches of physics, and which cannot be 
studied except by intensive searching 
through the literature. As such it is an 
interesting and readable book covering a 
well-chosen variety of topics, well docu- 
mented with references to original papers. 

A concise introduction, of particular 
value to the more general reader, covers 
the fundamental precesses of ionization, 
and this is followed by a full treatment 
of similarity laws. The chapter on alter- 
nating and high-frequency discharges is 
authoritative and extensively illustrated. 
Ionization phenomena in the upper at- 
mosphere is also clearly described. The 
chapter devoted to the author’s present 
field of research, that of controlled ther- 
monuclear reactions, contains a _ full 
account of the pinch effect, the elemen- 
tary theory of thermonuclear reactions, 
and brief descriptions of a selection of 
experimental devices in current use. 
Finally, a chapter on plasma oscillations 
and waves introduces the reader to a 
subject of growing importance in plasma 
physics. 

Although primarily intended for those 
beginning post-graduate research, this 
book can also be strongly recommended 
to electrical engineers who find them- 
selves engaged on thermonuclear re- 
search. 

P. A. Davenport 


Fusion research 


Nuclear Fusion, edited by William P. 
Allis (The second Geneva series on the 
peaceful uses of atomic energy. General 
editor J. G. Beckerley) van Nostrand, 
Princeton, Nj, 1960. Price 94s 


Work on thermo-nuclear fusion was clas- 
sified until about 10 years after the war. 
When the results were released it seemed 
as if the practical solution was fairly 
close. Alas, we know today that it will 
take a long time to solve the problem, if 
a technical and economical solution is 
to be found at all. In the meantime 
science has been forced to reduce its 
pace, and, instead of taking a direct 
route, has embarked on fundamental re- 
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search on electric discharges and plas- 
mas. This can be seen from most of the 
contributions presented at the Geneva 
Conference in 1958. 

This book is a most welcome addition 
to the literature on thermo-nuclear fusion 
and it contains not merely summaries of 
the 105 papers presented (two thirds 
came from the US), but a re-write of the 
material in hand, The editor, using a 
uniform notation of symbols, has tackled 
the task systematically. There are sec- 
tions on survey papers, plasma diagnos- 
tics, interactions between plasma and 
electro-magnetic waves, stability and 
dynamics of the plasma, machines and 
the contracting plasma (pinch). Papers 
which depart too much into the realm of 
conjecture have been excluded. 

On the whole the book is readable 
and should be of much interest to nuclear 
engineers and physicists, as well as to 
non-specialists with a certain back- 
ground. The jargon (e.g. ‘crowbar the 
torus for the fast pinch *) has been largely 
omitted. The experimental and descrip- 
tive papers are particularly well pre- 
sented—as is to be expected from a 
theoretical physicist of Allis’ rank. The 
mathematical sections are perhaps less 
easily digestible because too much has 
been condensed into too little space. 
Since the editor, a consultant at Los 
Alamos, has contributed a great deal to 
US advances, his critical comments, 
mostly associated with non-American 
work, are valuable. The reader will also 
find what can be studied with a small 
laboratory apparatus, and what are the 
reasons for spending such a great deal 
of brainpower, time and money on the 
development of large machines. There 
are numerous diagrams, oscillograms and 
tables and they are excellently produced 
and well explained. 

A. von Engel 


Transducer design 


Instrumentation in Scientific Research— 
Electrical Input Transducers by Kurt S. 
Lion, McGraw-Hill, New York and Lon- 
don, 1959. 324 pp Price 74s 


This book should prove of real value to 
all who wish to use or incorporate input 
transducers in their designs, It is divided 
into five main sections dealing with 
mechanical input transducers, tempera- 
ture transducers, magnetic transducers, 
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electrical transducers and radiation trans- 
ducers, Treatment is very detailed; for 
instance, in the first section there are 
accounts of transducers for linear dimen- 
sions, e.g. resistive systems, inductive 


thickness gauges, capacitive systems, 
thickness determination from measure- 
ments of electrical breakdown, ultrasonic 
methods, radiation thickness gauges, as 
well as separate dissertations on trans- 
ducers for displacement of force, for 
velocity of acceleration determination, 
liquid-level transducers; pressure trans- 
ducers, transducers responding to the 
flow of liquids and humidity transducers. 
The book is much more than a collec- 
tion of facts and figures, it presents suc- 
cessfully an established order in this 
vast field of experimental methodology 
and instrumentation. In every case there 
is a proper physical account of the prin- 
ciple of operation of the new device, 
amply illustrated with line drawings and 
in some cases by actual photographs, 
with a commentary of the particular uses 
of the device as compared with the other 
available methods. The matter is well 
presented and is in the right form to be 
easily assimilated by the student. Thus, 
in discussing the operation of photomul- 
tipliers, the author distinguishes very 
early between the three methods of use, 
namely: countery single electrons; a 
chopped light-beam and a.c. amplifica- 
tion; and the use of d.c. amplification, 
and makes clear the special uses of each 
method. 

Denis Taylor 


Plutonium metallurgy 


Extractive And Physical Metallurgy of 
Plutonium and Its Alloys edited by W. D. 
Wilkinson Interscience, New York and 
London, 1960. 314 pp Price 79s 


This book is the first to appear which is 
wholly devoted to the study of the metal- 
lurgy of plutonium despite the fact that 
the first conference on the metal pluto- 
nium antedated the Symposium, on which 
this book is based, by nearly eighteen 
months, The book appeared little more 
than a year after the completion of the 
Conference on which it is based. The 
contents are largely determined by the 
papers offered to the Symposium held 
in San Francisco during February 1959 
and sponsored by American organisa- 
tions concerned with mining and extrac- 
tion. In fact, only one third of the papers 
submitted were in this field, possibly be- 
cause of the dearth of declassified infor- 
mation available at the time of the meet- 
ing. As a result, a somewhat unrepre- 
sentative selection of papers, predomi- 
nantly from one American laboratory, 
make up the greater part of the 
Symposium. 

The papers on Extractive Metallurgy 
cover in condensed form all that can be 
said concerning the conversion of pluto- 
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ZIRCONIUM 10 ZIRCONIUM 15 


COMMERCIALLY PURE 
COMMERCIALLY PURE 


Reactor Grade Hafnium Bearing 


ZIRCONIUM 20 


CONTAINING TIN, IRON, 
CHROMIUM, NICKEL 


Reactor Grade 


ZIRCONIUM 25 


CONTAINING TIN, IRON, 
CHROMIUM, NICKEL 


Hafnium Bearing 


ZIRCONIUM 30 


CONTAINING COPPER, 
MOLYBDENUM 


Reactor Grade 
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se FIRST IN NUCLEAR METALS 
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nium from its compounds to the metal- 
lic form. They are written by persons 
who are acknowledged for their contri- 
butions in this field in the United King- 
dom and France and in various labora- 
tories in the United States. 

The remaining papers on Physical 
Metallurgy are on somewhat specialized 
aspects and will disappoint those who 
may reasonably expect from the title of 
the book an authoritative outline of re- 
search in this field, Nevertheless, they 
will be of considerable interest to the 
specialists, who have hitherto been un- 
able to obtain a full account of the pro- 
ceedings of the meeting. It is clear that 
this weakness has been apparent to the 
Editor who has made a courageous 
attempt to remedy some of these omis- 
sions by providing a comprehensive an- 
notated bibliography and by reviewing 
the properties of metallic plutonium. This 
suffers from the minor defects to be ex- 
pected from a person who is not him- 
self an expert in the field. For example, 
the density data for alpha plutonium is 
inaccurate and obsolete; on the opposite 
page there is also a discussion of the 
elongation of high purity and standard 
purity plutonium between the phase 
changes which fails to convey the signi- 
ficance of the results that are quoted; 
similarly there is a discussion of Var- 
ley’s treatment of expansion behaviour 
which misses the vital contention that a 
negative coefficient is possible without 
valency change. The bibliography (which 
includes indicative abstracts) is useful 
and comprehensive 

M. B. Waldron 


Plasma physics 


Symposium of Plasma Dynamics edited by 
F. H. Clauser and others Pergamon Press, 
London; Addison Wesley, Reading (USA), 
1960. 369 pp Price 84s 


In a rapidly expanding subject like 
plasma physics, it is difficult to keep 
abreast of recent developments and the 
many and varied applications. The time 
comes when an overall summary and 
appraisal is required. With this in mind, 
the US Air Force Office of Scientific 
Research asked the National Academy of 
Sciences to organize an International 
Symposium on the subject of Plasma 
Physics. This Symposium was held at 
Woods Hole, Massachusetts, during the 
first week of June, 1958. The proceedings 
have now been published under the title 
of ‘Plasma Dynamics’, Without doubt 
this is one of the most useful and valu- 
able handbooks yet published in this 
field. 

These proceedings do not, however, 
consist of a series of formal lectures; the 
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book is divided into chapters. Each chap- 
ter is devoted to one particular aspect, 
such as ‘ Flight-magnetohydrodynamics ’, 
and consists of contributions from vari- 
ous members of the Symposium, a chap- 
ter editor contributions 
into a whole. The 
style is naturally varied and controversial 
issues, such as, for example, the impor- 
tance and nature of line radiation losses 
from a plasma, have not been avoided. 
On the whole a good balance has been 
maintained between theory and experi- 
ment, although in many cases one feels 
the need for more detail. This, however, 
can be found in the references given in 
the remarkably comprehensive biblio- 
graphy at the end of the book. 

The only way to indicate the scope of 
the book is to give several of the chap- 
ter headings. These include ‘ The Prob- 
lems of thermonuclear fusion and high 
temperature plasmas ’; ‘ The Dynamics of 
electron beams’; ‘ Flight-magnetohydro- 
dynamics ’ and chapters on cosmic, solar, 
planetary and interplanetary magneto- 
hydrodynamics. One of the most com- 
prehensive chapters is that on ‘ Statistical 
plasma mechanics’. Although there has 
been a considerable degree of progress in 
this subject over the past two years, this 
chapter provides one of the best overall 
introductions to the subject. Besides deal- 
ing with the Maxwell-Boltzmann equa- 
tion and the equations of 
change, it discusses the validity of these 
equations in relation to the Kirkwood- 
Bogoliubov equations. The applicability 
of the Fokker-Plank equation to a 
plasma is also considered, while a short 
section on Bohm’s and Pine’s use of col- 
lective co-ordinates is included. 

Although this book is primarily a 
handbook for people already engaged in 
the field, the newcomer can still study it 
with profit. 
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readable consistent 
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B. S. Liley 


Nuclear photons 


Nuclear Photodisintegration by | 
Levinger Oxford University Press, 
144 pp Price 15s 


=" 
1960. 


For perhaps the past twelve years, the 
nuclear photo effect has been the subject 
of a great deal of detailed investigation. 
The appearance of this book, the first on 
the subject, will be welcomed both by 
researchers in the field and students, who 
wish to become acquainted with it. 
Professor Levinger begins by develop- 
ing the basic concepts of oscillator 
strengths, the multipole expansion, and 
dipole sum rules from the more familiar 
example of atomic transitions, before 
introducing the equivalent but different 
nuclear case. The mathematics is terse, 
but reasonably comprehensive, and this 
introduction well repays a thorough and 
careful reading. The chapter concludes 
with a brief review of the experimental 





parameters of the giant dipole resonance 
and its modes of decay. Then follow 
specific chapters devoted respectively to 
the photodisintegration of the deuteron, 
sum rule estimates of the various 
moments, mean energies, and integrated 
cross-sections of the resonance, and to a 
discussion of electromagnetic transitions 
between discrete states below the con- 
tinuum. 

The final chapter is devoted to a 
study of the characteristics of the dis- 
integration, and the branching ratios for 
various photo-reactions, and the discus- 
sion is closely related to the predictions 
of the models reviewed earlier. Experi- 
mental results are quoted wherever rele- 
vant, 

The author is to be complimented for 
providing, in such a condensed yet com- 
prehensible form, an excellent overall 
picture of the state of the subject, and 
current thinking in it. 

K. H. Lokan 


New Books 





e Engineering management 2nd edition by 
Struan A. Robertson Blackie, London 1960 
467 pp Price 30s 

* 262 


@ Fundamentals of digital instrumentation 
by D. S. Evans Hilger & Watts, London 
1960 39 pp Price 7s 6d 

* 263 


@ Resonance absorption in nuclear reactors 
by L. Dresner Pergamon, London 1960 
131 pp Price 40s 

* 264 


e@ Practical nucleonics A course of experi- 
ments in nuclear physics by F. J. Pearson 
and R. R. Osborne Spon, London 1960 
208 pp Price 37s 6d 

* 265 


e@ Progress in Nuclear Energy, Series IV— 
Technology, Engineering and Safety, volume 
3, edited by C. M. Nicholls Pergamon, 
London 1960 448 pp Price £5 5s 

* 266 


@ Vacuum technology transactions Proceed- 
ings of the 6th National Symposium, 1959, 
edited by C. R. Meissuer Pergamon, Lon- 
don 1960 335 pp Price £6 

* 267 


@ Dictionnaire - agenda - annuaire - atomique 
1961 Kister, Geneva; or Grange-Bateliére, 


Paris 1961 100 pp Price NF17, SwissF15 
* 268 
@ Recent research on controlled thermo- 


nuclear fusion International Atomic Energy 
Agency, Vienna 1960 Review Series No 4 
80 pp Price 6s (per HMSO) 

* 269 


@ Progress in nuclear physics—Volume 8, 
edited by O. R. Frisch Pergamon, London 
1960 304 pp Price 90s 

*% 270 
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Now, in ready-reference form, comes a 
new guide to the complete range of Mullard 


halogen quenched G.M. tubes. It is arranged 


for any application quickly and easily. MULLARD LIMITED - 
Whether you are designing equipment or ila 


considering tubes for replacement, you'll 
find it saves time to have a copy at your 


fingertips. Send for yours today. 


VOUT 
quick guide® ‘ 
to better 
C-Miube =~ 
selection 





THIN GLASS WALL TUBES 
GAMMA SENSITIVE TUBES 


MICA END WINDOW 
ALPHA AND BETA TUBES 


X-RAY SENSITIVE TUBES 
HIGH CURRENT TUBES 


LOW BACKGROUND 
AND GUARD TUBES 





X-RAY DIVISION - New Road - 


to help you evaluate the most suitable tube Mullard MENS sion] 


Mitcham Junction 







NUCLEAR POWER February 1961 Circle No 53 on reply card for further details 105 
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BOLTON Patent Shutter Doors 


Custom built to your requirements 





Ee Es 












Available with continuous glazing, 

as shown on right, Bolton Shutter Doors 
readily accommodate all special 
requirements from railway track clearance, 
as shown below, to overhead cables 

and runway beams. May we send you our 
latest catalogue, reference NP 346? 














BOLTON kes — LANCASHIRE 


Branches in London, Glasgow, Birmingham and towns throughout the country 





VERTICAL 
RECIPROCATING 
COMPRESSORS © 


FOR AIR & GASES 


Drop forged connecting rods, give improved weight 
strength ratio and reduction in unbalanced forces. 


Precision manufactured shell bearings ensure full 
interchangeability. 


Light alloy frame doors of generous dimension 
give easy access to interior. 


Centrifugal oil filter and cooler are integral 
parts of the compressors 


Compressors can be supplied in weather-proof 
construction for outdoor installation. 


FOR SINGLE, TWO OR THREE STAGE ek 


T H E BRYAN DON KIN COM PA N Y L } M l T E D TELEPHONE 3153 (6 lines) 


CHESTERFIELD * LONDON * TORONTO 
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Special 
Rotameters 
for 
Trawsfynydd 


A number of these compact instruments 
(Type 942) will be used to indicate the 
rate of flow of high pressure CO, into the 
radiation monitoring equipment at 
Trawsfynydd. 


to 


wn 
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Features of this design of particular 
interest to the Nuclear Engineer are : 


Connections of wrought stainless steel, 
machined all over (with no threaded holes) 
to allow ease of cleaning and clean assembly. 
Terminations can take any desired form, 
e.g., welding stubs or compression fittings, 
etc. 

Total enclosure. 

Flush panel mounting with integral mount- 
ing lugs. 

Interchangeable tubes, floats and gland 
packing with separate flow scales. 

All contact parts of stainless steel and glass 


with stainless steel or ceramic float. 





ROTAMETER 


FLUID MEASUREMENT AND CONTROL 
FLOW-DENSITY- LEVEL 
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ROTAMETER MANUFACTURING CO., LTD. 330 PURLEY WAY, CROYDON, SURREY 
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| Telephone: CROydon 3816 
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The eyes of the World. 





are on (K) FLANGES 


anne The only flanges to be awarded a see and 


SPECIFY BUY AND USE 
THE WORLD'S BEST 





bronze medal at the World’s Fair, Brussels 
KIRK’S other products included in the award are Malleable Fittings, Fabricated 
Pipework, Welding Fittings, Welded and Seamless Steel Tubes and Fittings, 
Malleable Iron Castings, 
Forgings, Valves. In Steel and 


Drop 


FLANGES FROM™ ES TTR Fe a GO. (TUBES) LTD. 


and at MANCHESTER WALSALL PONTYCLUN 








74/82 PARADISE ST LONDON S.E.16 BERMONDSEY 3156/7/8 





HYDRAULIC 
PLATE CURVING PRESS 


The press is made with dies varying from 3’ to 8’ long, 
but it will progressively curve plate edges of any length 
prior to rolling. The frame is of all welded steel construc- 
tion and has two or more upstroking rams and cylinders. 
These presses can be made to work from an existing 
hydraulic supply or supplied with electrically driven 
self-contained pumps. 







We also manufacture: 
High Pressure Hydraulic Plant for Shipyards 
and Railway Workshops, Plate Bending Rolls, 
Punching and Shearing Machines, Continuous 
Finishing Presses for Silks and Rayons, Veneer 
and Plywood Presses, Cotton Baling Presses, 
Die Spotting Presses, Pumps, Accumulators, 
Valves and Intensifiers. 


HENRY BERRY & CO. LTD. 
CROYDON WORKS, LEEDS 10<e 


TEL: LEEDS 75481-2 GRAMS: “ RIVETTER LEEDS 10” 
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ROTARY COMPRESSORS LTQ 4 





Northey Positive Rotary Compressors 
and Vacuum Pumps are Precision made 
machines with a unique “OIL FREE” 

feature resulting in their ability to deliver 
air or gaa UNCONTAMINATED BY 
OIL AND OIL VAPOUR. Simple, 
robust and reliable, Northey machines 
have been, or are being supplied to the 
U.K. Atomic Energy Authority 





aa % = 
= me ee . at Aldermaston, Dounreay, Harwell, 
= ~ 4 Capenhurst, Springfields and Winfrith. 
Ss a? By 2 
Z ‘OlL~ 
Z COMPRESSORS AND VACUUM PUMPS 


Write for details of this highly successful 
and widely used equipment suitable for 
gauge pressures up to 65 Ibs./sq. in. 


Sa 
Ss 
and vacua to within }mmHg Abs. 


as 
LTT 


We are prepared to give consideration 
to the design, development and 
TELEPHONE 


ALDER ROAD: PARKSTONE - manufacture of special machines, ie pee 
even on a “one off” Sis. TONE 
POOLE - DORSET non a one oh 22°: Hires 








N.O.R.18 
POSITIVELY SEALED 
GLANDLESS VALVES 
Suitable for a wide variety of liquids and gases. 
Toxic—Radioactive—Corrosive or Explosive. 
@ ROBUST & COMPACT 
@ POSITIVE METALLIC BELLOWS 
SEALING 

@ EASY CONTROL 
@ MINIMUM OPERATING EFFORT 
@ FORGED LEAKPROOF BODIES 
@ HARD FACED POPPET OR 

DISC INSERTS 


Palatine design and supply a wide variety of Valves to 
U.K.A.E.A. at Capenhurst, Aldermaston, Harwell, etc. and 
to the Chemical and Petroleum Industries. 


REMOTE CONTROL VALVES OPERATED BY AIR 
DIAPHRAGM OR PNEUMATIC MOTORS—ELECTRIC 
ACTUATORS—VERY COMPACT HIGH TEMPERATURE 
—VACUUM—LIQUID VALVES. PORTING AND STUBS 
TO CUSTOMER’S REQUIREMENTS. 


PALATINE °Uiites” 
64/76 BRIGHTON ROAD - SURBITON - SURREY 
TELEPHONE ELMBRIDGE 7261-3 
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RESIN 
IMPREGNATION 








of wire-wound 
components 
under vacuum 





N.G.N. new ‘Resin-impregnating Plant’ not only ensures 
better and far more thorough impregnation of all types 
of wire coils—its faster cycle of operation, coupled with 
carefully designed thermostatic control of vessels and 
pipework, plus full bore resin transfer valve, all combine 
to speed output while reducing costs. 


Work chamber is evacuated to 1 micron Hg. to degas and 
dehydrate components which are then impregnated under 
a pressure of 80 Ibs. p.s.i. 


Surplus impregnant is completely recovered. Absolute 
reliability, both as regards thoroughness of impregnation 
and regular output is assured. 


Enquiries for special plant to user requirements are 
especially welcome. 


N.G.N. ELECTRICAL LIMITED 


AVENUE PARADE, ACCRINGTON, LANCS. Tel: Accrington 35611-2 











Westover 
Isotope 
Coffins 


& 
Carriers 








Riverside Works, River Road, Barking, Essex. 





_ Accommodate at least 6 types of isotopes @ Guaranteed against lamination, porosity 
— activity of 1/100 Curie to 59, internal cavities and interstices in sur- 
urie. 


rounding lead. 


@ Lead shielding designed for a dose rate of 
radiation 2.5 Milliroentgens per hour at . : ' 
a distance of | metre from source. @ Cylindrical or spherical designs available. 


Westover Nuclear Equipment Company Ltd. 
Tel: RIPpleway 2713/2217 
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Protect 
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equipment 
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A group of ‘‘ The Lancaster’’ 4” : / 4 Beas ree AND 
and 6” Single Strainers recently 
shipped to Caltex Ocean Termin- PENDLETON, MANCHESTER 6 


als in the Far East. TEL. PENDLETON 1484-5-6 
For details ask for Lists 99 & 102. GRAMS ‘PISTONS’ MANCHESTER 





HEAVY 
ALLOY 


supplied in densities 
16.8,17.0,17.5, 18.08 /CC(nominary 


@ for screening purposes 
@ for balance weights 








Broad beam absorption of Gamma-radiation 
from COBALT-60. Density: 16-8 g/cc. and 
18-0 g/cc. 





THE GENERAL ELECTRIC CO. LTD., Component Sales Dept., 


—_ Osram Metals, East Lane, Wembley, Middlesex. Arnold 4321 
The above piece of G.E.C. Heavy Alloy was made for the 
United Kingdom Atomic Energy Authority. It weighs 660 Ib. 
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THE SENSITIVE CONTROL VALVE WHICH IS REALLY #34 @a sta 3 













POSITIVE STOPS 
FOR ‘OPEN’ AND ‘CLOSED’ 
POSITIONS ——— 
give ease of operation 

ease of adjustment 

and prevent crushing 

of valve seat 

UNPIERCED FLEXIBLE DIAPHRAGM 
clamped solely by 
SEALING RING 
completely isolating 
the volume chamber 


FOR PANEL OR BASE MOUNTING 


Size {” B.S.P. Type 6100-100 Recommended max. + 
» +” Plain » 6100-101 a ; 

}” B.S.P. ., 6000-100 

\” 6200-100 
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Designed, manufactured and patented by Rollason 
Aerocessories Limited, this sensitive control valve has 
widespread applications in many industries. 


N not attached to it 


presses a thrust pad down on the diaphragm 
transmitting the movement to the top of the 
valve stem against the pressure of a return 


RETURN SPRING ‘Pring thereby positioning the cone 


METAL CONE - non-rotating 


LEAK-FREE CONNECTORS 


NEOPRENE SEATING 


a ROLLASON AEROCESSORIES LIMITED 
4 ” “CROYDON AIRPORT, SURREY, ENGLAND 





Telephone: CROydon 7238 


CATHODIC 
PROTECTION? 





) WELDING 


INSPECTION? 


MAPEL 


World-Wide Service 


METAL AND PIPELINE ENDURANCE LTDO., 
London Road, Woolmer Green, Herts. 
Tel: Knebworth 3083. Grams: Metaldure, Knebworth. 





Get the facts from 
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ENGINEERING 





N\A 





UK 


THE LARGEST EVENT OF ITS KIND IN THE WORLD 
7 
Olympia- London 
a 
April 20 - May 4 


1961 


For full details, please write to the organisers: 
F. W. BRIDGES & SONS LTD. 
Grand Buildings, Trafalgar Square, London, W.C.2. 
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Titanium 








(LOW COBALT) 
Stainless 
Steel 
Wire 


Stainless Steel Wire, to this 
specification, is already being 
supplied by us in ever 
increasing quantities to meet 
the specific requirements of 
Nuclear Engineers and 
Designers. We shall welcome 
your enquiries for this and 

all other types of Austenitic 
Stainless Steel Wire. 


Stainless Steel Wire 
Company Limited 


THE BARRACKS - LANGSETT RD 
SHEFFIELD 6 


Telephone No.: 344241-2 Sheffield 
Telegrams: Finewyre - Sheffield 
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The above illustration shows a selective range of 

pure molybdenum articles fabricated by machining 
or spinning. We shall be pleased to quote against beh 

customers’ drawings. MUREX LTD (Powder Metallurgy Division) RAINHAM « ESSEX 

F Telephone: Rainham, Essex 3322. Telex 28632 Telegrams: Murex, Rainham-Dagenham Telex 

LONDON SALES OFFICE: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.I 


= 





WHERE EVER SPECIAL STEEL 1S NEEDED 


e heat resisting steels 








e stainless steels 


e valve steels e high speed steels 


® tool and die steels 


C. G. GARLISLE & GO., LTD. 


JONA STEEL WORKS, PENISTONE RD. SHEFFIELD 
Telephone: 348791 
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SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
Il est souvent difficile au client 
publicitaire d’indiquer dans un 
espace restreint tous les détails 


READER INFOMATION SERVICE 


Advertisements 


Nuclear Powe 
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Labgear 
SAMPLE GHANGER D.4137. 


FOR AUTOMATIC RADIOACTIVE ASSAY 





This new Sample Changer is designed for the automatic 
examination of a larger number of planchet supported samples. 
It may be used with almost any conventional scaling or 

timing equipment—the illustration shows a typical assembly of 
Labgear instruments for print-out of time-per-unit-counts. 


_— 


( ~ 


‘ocean Labgear Limited Willow Place, CAMBRIDGE 
ia 


TEL: CAMBRIDGE 88022 ; GRAMS: ‘‘LABGEAR CAMBRIDGE ”’ 
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SPECIFY 


POROSINT 


SINTERED METAL 


FILTERS 


Porosint and Rigimesh filters are equally effective 
for filtering, diffusing or controlling the flow 

of liquids and gases at any temperature up to 
700°C. The controlled porosity and high 
mechanical strength of Porosint and Rigimesh, 
allows the design department complete freedom jn 
selecting a size or shape to conform with 
production requirements. 


Enquiries to:— 


SINTERED PRODUCTS LTD. 


(One of the Sheepbridge Engineering Group) 


Sutton-in-Ashfield, Notts., England. 
Tel: Sutton-in-Ashfield 590. Grams : Sintered, Sutton-in-Ashfield. 


Where 
PYROMETRY 
prevails... 





Higher —_ Process temperatures 
demand accurate thermal control, 
and reliable pyrometer sheaths and 
thermocouple insulators are now 
an essential, Thermal aluminous 
porcelain, mullite and pure 
recrystallised alumina sheaths and 
insulators are used up to 1,500°C.., 


1,700°C. and 1,900°C. respectively, 





for temperature measurements 
in gas, oil and electrically heated @ Thermal Fused Alumina and Fused Magnesia powders and cements are also available. 
furnaces, flues and pipelines. @ We also manufacture an extensive range of Vitreosil Laboratory Ware. 


THE THERMAL SYNDICATE LTD. 
P.O. Box No. 6, WALLSEND, NORTHUMBERLAND. Telephone: Wallsend 62-3242/3 
Lonpon, 9, Berxecey Street, W.1. Telephone: Hyde Park 1711/2 


ERE a ea ET ne 
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NNOCENT 





MAXIMUM POWER, PREGISION AND PRODUCTION POTENTIAL 











Turbine machining 
carried out on 
INNOCENTI - CWB 
FAF 305/200 Milling 
and Boring machine. 
Complete machining, 
including boring, 
grooving, milling of 
joint face, and drill- 
ing carried out at 
one setting without 
use of boring bar. 











are essential characteristics of INNOCENTI-CWB Milling and Boring Machines 


Additional important features: Maximum versatility * Economical production ° Jig 
boring facilities - Large diameter surfacing and boring at right angles to main spindle 
D.C. variable speed motors - Sliding headstock - Virtual elimination of boring bars 
Facilities for automatic remote control electric measuring and for programme control 
All-electric—no electronics Minimum maintenance Remote pendant control of 
entire machine 








Inserted by Henderson & Keay Ltd., Agents in Great Britain for INNOCENTI Mechanical Division, Milan 


HENDERSON & KEAY LTD. : 189 PITT STREET : GLASGOW C2 
__Telephone : CENTRAL 0261 
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\ OF FU Se, & 


Specialists in 


cleaning of 


Nuclear Reactors 
and 
Power Plant 





Absolute 
— NUCLEAR DUST 


COLLECTOR 

By action of the powerful 
suction unit, dust laden air, 
at 100 cu. ft. per minute, is 
drawn through the primary 
filter to extract all particles 
above 2 micron size, and into 
the Absolute cell with 100% 
filtration of particles down to 
0.3 micron. Major contamina- 
tion is retained in a polythene 
liner for easy and safe destruc- 
tion. 


“A floor scari- CODE =) 


fier for removal 
and collection 92 
of hazardous deposits. Adap- 
ted for use in conjunction with 
user’s extractor plant.” 
and manufacturers of 
specialised floor cleaning 
equipment for the 


Nuclear Power Industry 


CIMEX LIMITED 


94-116 CRAY AVENUE, ORPINGTON, KENT 
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or all applications in 
Nuclear Power plants... 


. . . continue to fit 


FREMO STAINLESS STEEL 


bolts, nuts, screws 
and other fasteners 
with corrosion, 

contamination and 


heat resistant 


properties. 





FREDERICK MOUNTFORD 
(BIRMINGHAM) LIMITED 


Fremo Works, Moseley St., Birmingham, 5 
Tel. MiDland 7984 PBX 
Grams ‘FREMO’ Birmingham 


NUCLEAR POWER February 1961 











Circle No 77 on reply card for further details 













Precision made for “Security and Ease” 
in the manipulation of isotopes, Cee- 
Vee Tools will amaze you by their use 
value and cost economy. 

This model has Jaw Rotation through 
400° by remote control from the handle 
section, and is available up to 12 feet in 
length. 





Cee-Vee Tools are in use Write for details of our range — or let us know your special requirements 
by the authorities of :— 

UNITED KINGDOM 

SCANDINAVIA KK 

AUSTRALIA i 

CANA CARTER & VINER .. press Toot ENGINEERS 
INDIA 

US.A. . COODEN SEA ROAD .- BEXHILL - SUSSEX - Telephone COODEN 143 





EXPORT ENQUIRIES TO:— C. PHILLIPS JONES & CO., LTD. Dorchester on Thames, Oxford. 








TWO PRESSURE SWITCHES by K.D.G. 


=YolUl-1pfe)\ >, DIAPHRAGM 


For use with liquids or - bi | OF simple and robust con- 
: > struction, this switch will 
gases, and may also be sup- ' 1.5 withstand overload pres- 


: P . to 20% above th 
plied with Stainless Steel maximum "working range. 
: or use with non-corrosive 
elements for  corrosives. gases or diguids, minimum 
i / range 0-5” to " weg. 
Contact rating 5 amps at F ’ Maximum 100 p.s.i. Also 
250 volts A.C. Also avail- pene ade molseere-prect, 
ater- ‘3 
able in weatherproof and proof housings. Ideal for 
. -15 p.s.i. pneumatic appli- 
flameproof housings. cations, supplied with and 

. without setting dial. 


« CRAWLEY 4 
K.D.G. INSTRUMENTS LTD Stow tariners 11D * 0G : 
+ &LONDON ¥ 


MANOR ROYAL «: CRAWLEY -« SUSSEX TEL: CRAWLEY 25151 ‘ ” 


S426 * 


Full details and specifications of the complete K.D.G. range are readily available from: 
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Available in a wide range of motor-driven or 

hand-operated models, these Klaxon hooters, 

ig sirens and alarms meet all industrial and 

— arine requirements by iding dependable 
ore ae marine requirements by providing dep 

and effective warning signals under all 

conditions. Obtainable in ironclad, 

watertight, and flameproof types, with a variety 

of loud and distinctive continuous, inter- 

: : mittent, or wailing notes these alarms are 

i 

j 

? 





recommended for use in factories, 
Fl large works, warehouses, docks, ports, 
hh '’ and for all warning purposes on land and sea. 
of Klaxon are also makers of a wide selection 

™ of fractional horsepower motors and geared units 
for an almost limitless variety of uses. 


Visit STAND No. N10 


A.S.E.E. ELECTRICAL ENGINEERS EXHIBITION 
EARLS COURT, MARCH 21st—25th 











AT SEA - H.F.8 IN MINES H.F.8 IN FACTORIES - A.I 


CLAXUN 





HOOTERS - HORNS - SIRENS be a 
BUZZERS - ALARMS - etc. 4 Sounce/ Guvestment tu Safelg 


Details of full range on request: WKLAXON LTD., WARWICK ROAD, TYSELEY, BIRMINGHAM, 11 
LONDON SALES OFFICE: 189-191 DRUMMOND STREET, LONDON, N.W.1. Tel: EUSton 9811 One of the Windser Group of Companies 
B.I 
















Where 
only the pure 
may 
enter 


























Where purity is not related to mortality, but 
to the removal of adulteration from a sub- 
stance, Aerox Porous Ceramic Materials 
and Filter Units are the guardians supreme. 
Removal of solids from fluids ; oil or mois- 
ture from air lines, and particles from gases 
are Operations dealt with effectively by 
Aerox Filters. Aerox Ceramics have many 
other applications. 

Please write for full information 





INDUSTRIAL POROUS 
CERAMICS 


LEADERS IN A SPECIALISED FIELD 


AEROX LIMITED 


Ceramic Works, Hillington, Glasgow, $.W.2 
Telephone : HALfway 4615/6 

Engineering Works : Chalford, Stroud, Gloucester 
Telephone : Briscombe 3085/6 
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Sve 

ON 
THE 
BALLS 





A striking picture no doubt—but only one out of a hundred that would tell a 
story of a stage in the manufacture of Hoffmann Bearings. 
tthis point in the story, it tells how human eyes are employed for the 


A 
inspection of Hoffmann Steel Ballis—the bails which later become the rolling 
elements of Hoffmann Ball Bearings. These eyes, extremely keen, highly 
trained, pereeive the almost imperceptible, detecting cracks and blemishes of 


microscopic dimensions on the highly polished surfaces of the Steel Balis. 
B A a5 A ND R oO LL E R Hoffmann Bearings—masterly engineered—superbly finished are brought 


meticulously through every stage of production to make the final product 
fe. f A R | N ( S which stands unsurpassed for high degree of accuracy and quality: behind 
every Hoffmann Bearing lies over 6O years experience. 


THE HOFFMANN MANUFACTURING CO. LTD., CHELMSFORD, ESSEX. TELEPHONE: CHELMSFORD 3151 TELEX NO. 1951 





INDUSTRIES ATOMIQUES 


is the only international technical and indus- 
trial review printed in French, which specialises 


cd usiries entirely in nuclear and related subjects. 


INDUSTRIES ATOMIQUES is read by indus- 
trialists, engineers, technicians and chemists, heads of 


-_ technical firms and by all those engaged in the world 

of science. In short, it is intended expressly for all 

Ol i 1, @ | LIES specialists interested in research and in its practical 
realisation. 

In view of its international character, INDUS- 

TRIES ATOMIQUES is read and appreciated in 





The international review for the peaceful countries all over the world. 
Up to date, more than 350 authors, all specialists, have honoured this review with their 
uses of nuclear energy collaboration, and have contributed previously unpublished articles of high scientific value, 
A RENE KISTER PUBLICATION ey eee 





INDUSTRIES ATOMIQUES is a source of precise documentation, constantly being 
brought up to date. The international information and the list of suppliers to the atomic 
Annual Subscription (12 numbers per industries printed in its pages will be found invaluable. 


year) : 
Promh 0.F.01.50; Riiheee |b GOO OSS OF OB ee OBB Cee BBS eee 


Swiss franes 40; German marks 40;} | Industries Atomiques Subscription form 


U.S. dollars 10; Pounds sterling 3/ 15/0. Subscriptions can be paid in the currency of the country at any European post office. 


We desire annual subscriptions, starting from 

















___., to be sent to (surname, Christian names, or 
firm’s name, and address) 














Free Copy: All new subscribers 
shall receive a Free Copy of our 
1 /6/0 ‘Atomic Dictionary Agenda 
Directory ’’. Make sure you get 
your copy. Fill in the coupon here- 
with and mail it today: 


Method of payment Date and signature: 








(This form should be returned in a stamped and addressed envelope to 


I 
I 
t 
I 
4 
i 
i 
: NUCLEAR POWER, 77-79 Charlotte Street, London, W1.) 
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AN EXTRA-SENSITIVE PHOSPHOR 


Crystal-with-Photomultiplier 


HILGER & WATTS LIMITED 98 ST PANCRAS WAY ° 


Pann To Value 


“hess f f 


Hy Wi 


i Rane OW 


? 


~ 


f 


i 

i} 
5 
‘ 





Ht LO’ Seueee 








The thallium-activated sodium iodide 
crystal is mounted direct on a photo- 
multiplier. 


HIGH RESOLUTION 
Peak-to-valley ratio of 4:1 with a 
Cobalt-60 source. 


LOW BACKGROUND 
Background radiation is due entirely 
to Potassium-40, and does not 
exceed 8 counts per second. 


PHOTOMULTIPLIER 
PROTECTION 

The photomultiplier is never exposed 
to direct light, and so its efficiency is 
preserved. 
3-inch assemblies and I-inch counting 


probes. Catalogue CJ 39/e55 for 
details. 


LONDON NW1 ° Te/ GULliver 5636 








T ALL FORMS OF RADIATION PROTECTION 


oo 


* CASTLES 
* CONTAINERS 


* COCKS 


* BRICKS 


® SHOT 





® SHUTTERS 
* DOORS 
* POWDER 
* TUBES 
* SLABS 


Licensed by the Commissariat 4 l’Energie Atomique, Paris 


FONDERIE DE GENTILLY 


56, rue Raymond-Lefévre GENTILLY (Seine) Tel.: ALE 18-55 
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DYNATRON 
PULSE AMPLIFIER 
type 1430A 


This wide band linear amplifier comprises three 
units, designed for use with fast ionisation chambers, 
proportional and scintillation counters. Write for 
full details of this and other Dynatron instruments. 








SPECIFICATION Scalers - Pulse Analysers - Power Units 
Main Amplifier Toad . ‘Bore . > - 
Input: 100 ohms impedance negative polarity. Probe Units - Pulse Amplifiers - Instrument Racks 


Gain: Maximum 86dB. 

Coarse Control: —0 to 20dB. 

Fine Control: —0 to 20dB in steps of 2dB each. 
Integrating Time Constants: 0.08us to 8us in 7 steps. 
Differentiating Time Constants: 

0.08us to 8us in 7 steps plus 250us step. 

Output: Positive 50V for 1% linearity. Saturation 75V. 


i —_ ? _.. | 1.25dB to 1.4 Mc's. 
Upper Frequency Response: | 3’95aR to 28 Mc/s. | = ) YN ye me — ‘@) WI 
H.F. Head Amplifier 

Input: 10 megohms. 10pF. 

Output: Designed to feed into 100 ohm matched cable. 
Gain: 31.5dB. 

Filter: E.H.T. Filter suitable for voltages up to 3kV. 
Cathode Follower 

Input: 10 megohms, 10pF. 

Output: Designed to feed into 100 ohm matched cable. 


Insertion Loss: 23dB. NUCLEONIC AND ELECTRONIC DIVISION 
Filter: As in H.F. Head Amplifier. 














MAIDENHEAD: BERKS Maidenhead 5150 (10 lines) 


The exceptional engineering capacity 
and research resources of the world- 
wide Foster Wheeler organisation are 
available for the supply of reactor 
coolant circuitry and for the solution 
of heat transfer, fluid flow and 
kindred problems involved in the 
utilisation of heat derived from 
nuclear fission 


FOSTER 
WHEELER 


DEVELOPMENT, DESIGN AND ENGINEERING OF COMPLETE 
Power REACTOR COOLANT CIRCUITRY including pressure vessels, steam 
_ generators, heat exchange equipment, piping and auxiliary items. 


FOSTER WHEELER LIMETED 








FOSTER WHEELER HOUSE, 3, IXWORTH PLACE, LONDON SW3. Telephone: KENsington 6363 
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CORROSION RESISTING 
CASTINGS UP TO 
24 TONS .... 

















Process PUMPS in ALL 
CORROSION 


materials including stainless 


resisting 


steels to all B.S.S. and 
A.S.T.M. requirements, 
CENTRIFUGAL 
Weld neck, slip 


on and blind 


high nickel base alloys 
and pure nickel. We 
can supply all grades 
of Iron Castings up flanges in stainless 
steel, etc. Also 

CENTRIFUGALLY 
cast TUBES in Iron, 
Carbon Steel, Stainless 
Steel, and NICKEL BASE 
ALLOYS up to 12’ 6”. 


Maximum length = and 


to 12 tons in 


weight. 


diameters up to 36” 


maximum. 


SHEEPBRIDGE ALLOY CASTINGS LTD 


(One of the Sheepbridge Engineering Group) 


SUTTON-IN-ASHFIELD, NOTTS. 
Tel: Sutton-in-Ashfield 590 





TIME CLOCK CARDS 


TO FIT EVERY TYPE OF MACHINE 
EXACTLY TO YOUR REQUIREMENTS 


Our Time Cards are manufactured with 
extreme care and we guarantee them to 
work perfectly in all clocks. 


7 DAYS’ TOP TROUBLE 
DELIVERY QUALITY FREE 


You cannot do better than by dealing 
direct with the largest manufacturers in 
the country. 


We can quote for any type of Card by return: 
Send us your samples today. 


HARLOW 


HARLOW PRINTING WORKS (NORTHERN) LTD. 


104-110 FREDERICK STREET 


SOUTH SHIELDS 
Telephone: South Shields 4286 (3 lines) 
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DUST IS DANGEROUS ! 





Constructors of atomic plant fight dust with 
NEW WELBECK suction cleaners. These efficient, 
robust and portable machines have been specially 
adapted for use in many atomic installations 
throughout the country where clean conditions are 
essential. 


Special features are: 


All non-compatible metals polythene coated 
Accessories for special applications 

No dust bag 

Steel dust container with rubber base 

All models light, portable and robust 


All standard voltages and 50v., 110v. for site 
use. 


+ + + F 


Write for further information or free demonstration to 
Dept. 48 











NEW WELBECK LTD. 


HEAD OFFICE & WORKS : 
Moulsecoomb Way, Brighton 7, Sussex 
7} } Tel.: Brighton 61656 (PBX) 
LONDON OFFICE : 
Southbank House, Black Prince Road, 
Albert Embankment, S.E.11. 
Tel.: Reliance 2071 


By appointment to 
H.M, The Queen 


SOD *@S AEDES ESAS AS *ED*ED*ED ED *ED*D* DS + DS*ED*D*D*D*S*+S*SteOe@se 


Suppliers of 
Vacuum Cleaners 


SOS OS 6S tS FD ED ED ED * WFD tt DW *ED* SD ¢ VED *ED*E DE SD*EBD*EBD*ED*S*S*S*SeSDes@e 


+ 
+ 
Branches at Birmingham, Manchester, Scotland and Eire ¢ 
s 
> 


De® e De De De Pe Se De Se S?+ Se SeSeSeSeS+Sese io 
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Rototherm 


MERCURY-IN-STEEL 
TEMPERATURE INSTRUMENTS 


DIAL THERMOMETERS 
for Industrial purposes. 


DIAL THERMOMETERS 
for Diesel engine use. 


INDICATOR CONTROL 
THERMOMETERS 
with Electric Contact Head. 


MAX. or MIN. 
INDICATORS. 





TEMPERATURE 
RECORDERS 

Single or Dual Pen. 

Fixed or Portable Models. 


TEMPERATURE 
CONTROLLERS , 
indicatingand Non-Indicating § 





b. caus. 


Also a full range of BI-METAL and VAPOUR PRESSURE 
Temperature Instruments. 
Write for details 


THE BRITISH ROTOTHERM CO. LTD. 


Merton Abbey, London, S.W.19. Telephone: LiBerty 7661 (6 lines) 
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ENDECOTTS 


TEST SIEVES 


For Accuracy! 











333 POCKET ¥ 
Ht INTERCHANGER $$ 
SIEVES $3 



































iss sssssssssssassasssscssssasssssssssssssassseeseetsee : 
‘ENDROCK’ #5 ” 
TEST SIEVE 


SHAKER 


TEST SIEVES 
B.S. 410: 43 U.S. Standards 
and Tyler Equivalents 









yeueeeet Ptscecat 




















HE We operate a Recovering Service 


Consistent mechanical action — 
saves valuable time of skilled personnel 


ENDECOTTS (FiLtERs) LTD. 
Dept.A. Lombard Road, London, S.W.19. 


Phone: LiBerty 8121/2/3 
Grams: Endfilt, London 
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Negligible 
shaft 
wear 
with 


7 
7 


these 


bushes 


‘ORKOT? bearings, first proved in rolling mills, 
are now available for bushing and general bearing 


applications. 


If your bearing problem is one of 


Chemical Attack 
Shaft Wear 


Bearing Life 





Maintenance 


Lubrication 


Bearing Power Loss 





‘ORKOT’ may be the answer 


“Orkot 


BUSHES 





CHEMICALS FROM coat | 


Write to— 
UNITED COKE & CHEMICALS COMPANY LIMITED 
(Sales Department 361) P.O. Box 136, Handsworth, Sheffield 13 


Telephone: Woodhouse (Sheffield) 3211 Telegrams: Unichem, Sheffield 
OB! 
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Well-engineered 


CASES he 


* Range of ‘CH’ cases doubled 


All sizes from 4 to 16 units 
available. 


%& Two alternative depths 11” or 
16”. 


%& Two-colour trim, top and 
bottom. 


Recessed front and rear 
panels. 





Completely reversible for 
Punched holes on international back-to-back mounting. 
centres to accept fixing of 


either quarter UNF, BSF or oe Chassis slides can be fixed at 
OBA screws as required. any level. 


A member of 


INSTRUMENT RACKS - CABINETS 
CONSOLES - PANELS =: 





CHASSIS 











CASES 
UNITS 





crour = DATUM METAL PRODUCTS LTD. 


* WATFORD-BY-PASS - WATFORD - HERTS 
Telephone: Watford 22351 Telegrams: Datum, Watford 


COLNE WAY TRADING ESTATE 
oc;/! 


Circle No 94 on reply card for further details 


TEST SIEVE SHAKER 
for 


accurate 
particle size 
analysis 


Accurate and consistent results are the features 
required of a test sieve shaker for the sieve 
analysis of the particle size range of material. 
Simply vibrating or shaking test sieves by 

hand is not good enough for the standard of 
accuracy required these days, Vibration alone 
tends to aggregate rather than to segregate 
particles and shaking test sieves Ly hand 

is not only tedious but inevitably 

produces inaccurate results. 


The Inclyno Test Sieve Shaker incorporates 
a double movement that jolts and 
spreads the test material ensuring perfect 
segregation of the various particle sizes 
and presenting the maximum number of 
apertures for undersize particles to 

fall through each sieve. Three models 
available for all sizes of standard test 
sieves and supplied complete with motor 
and inbuilt automatic time switch 
covering test periods up to 60 minutes. 





INCLYNO 


Write or eT | THE PASCALL ENGINEERING CO LTD 





Crawley 25166 for 


List IN 3209 GATWICK ROAD + CRAWLEY - SUSSEX 
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Make 


contact 
with 


ea 


No, | 22/- 
No, 2 33/- 


Apply ELECTROLUBE lubricants to 
all SWITCH CONTACTS and 
BEARING SURFACES of turret 
tuners, plugs and sockets, controls, 
gram motors, tape recorders, etc. 


ELECTROLUBE lubricants are a 
British discovery—a scientific pre- 
paration—not “just another switch 
cleaner”. 


ELECTROLUBE lubricants stay effec- 
tive for months. 


Electrolube 


BRAND 


u-—= LUBRICANT 


{11111 LULL LALLA oan 






ELECTROLUBE Brand No. | for light 
current applications, reduces fixed 
and relay contact resistance, stops 
audio interference, increases h.f. and 
l.f. gain by 3 db., etc. 


ELECTROLUBE Brand No. 2 for 
sparking contacts and heavier cur- 
rent duties, operates under difficult 
conditions, reduces wear on con- 
tactors 3 to 

times; increases 
net trade life of battery seninits te Hew 
net trade motors 8 times. SNORKEL container 


Se 











Supplied Only Through Your Wholesaler 

Electrolube and Snorkel are Registered Trade Marks of 
ELECTROLUBE LTD., 16 Berkeley Street, London, W.!. 
24-hour ANSAFONE service Tel. HYDe Park 0501 (5 lines). 
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DISPLAY ANNOUNCEMENT RATES:— 1 insertion 50/- per single col. inch 
6 insertions 47/6 per single col. inch 
12 insertions 45/- per single col. inch 













































LINEAGE ANNOUNCEMENT RATES:— 5/- per line, 5% discount for 6 insertions, 10% discount 12 insertions 
BOX Nos.:— 1/- extra will be charged 
COPY DATE:— Advertisements for March issue to be received not later than February 20th 





OFFICIAL APPOINTMENTS 








NORTHAMPTON COLLEGE OF 
ADVANCED TECHNOLOGY, 


ama oe Sree Central Electricity 


NUCLEAR PHYSICS 


The Governing Body invite applica- ° 

tions for the above appointment in G e nh e ra t L ngs Boa rd 
the Department of Applied Physics. : 

Applicants should’ possess high 
academic qualifications and consider- Research and Development Department 
able research experience in this branch 
of Applied Physics. 


Salary Scale: £1836 rising to £2148 p.a. 
Further particulars and a form of j N I 
application can be obtained from 


The Secretary, 
| Northampton College of Advanced 











| Technology, Applications are invited from Science Graduates (men and 
St. John Street. women) interested in fundamental or applied research work associated 
LONDON, E.C.1. with the continuing expansion of the Electricity Supply Industry. 





STUDENTS INTENDING TO GRADUATE NEXT SUMMER ARE 
—_ : ALSO INVITED TO APPLY. 





COURSES Vacancies exist in the following fields: — 





= PHYSICS: Reactor Science, Solid State, Meteorology, Magneto- 
hydrodynamics. 


LANCHESTER COLLEGE OF 


TECHNOLOGY, COVENTRY, CHEMISTRY: Combustion, Corrosion, Analysis, Physical 
Department of Applied Physics Chemistry. 
Short Course on MATHEMATICS : Computing, System Control, General Studies. 
| REC ENI ADVANCES IN . ENGINEERING : Nuclear, Chemical, Mechanical. 
| NON-DESTRUCTIVE TESTING 
23rd-24th February, 1961 ELECTRONICS: Communications, Instrumentation, Data 
Handling. 
A short course for physicists and engineers 
will be held on Thursday and Friday 23rd METALLURGY and MATERIALS : Jeramics, Dielectrics. 
and 24th February, 1961, and will include 
the following topics:—Radiography, Inter- ELECTRICAL ENGINEERING: High Voltage Transmission, 
nal Friction, Ultrasonics, Eddy Currents, Insulation, Gas Discharges. 
Surface Crack Detectors, Electromagnetic 
SOR SE ENE CUR, CN Applicants should preferably be under 26 years of age, and possess 


and Economics. 

Fee: £1 2s. Od. 

Full particulars and forms of application 
from the Head of the Department of 
Applied Physics, Lanchester College of 
Technology, Priory Street, Coventry. 


a good honours degree or equivalent qualifications. Some postgraduate 
industrial or university research experience is desirable, but new 
graduates who are acceptable will be given training where appropriate. 
There are also vacancies for staff who are slightly less qualified 
academically. 


@ SALARIES will be fully commensurate with experience, ability 
and qualifications. Initial appointments will, save in exceptional cases, 
be made within the Research and Development recruitment grade, 
for which the maximum salary is £1,325 p.a. Rapidity of promotion 
to higher grades rests entirely on merit. Successful candidates can be 








BRADFORD INSTITUTE OF assured of excellent career prospects, and of being engaged on forward- 
TECHNOLOGY ‘ looking work with freedom to publish their results. 

S ¥ ewe ee ee ” Assistance may in certain circumstances be given with house 

will commence on 13th February, purchase. 


aoe si — . @ APPLICATIONS stating age, qualifications, experience, present position, 
Full particulars from the Registrar, and salary, to the Appointments Officer, 24/30 Holborn, London, E.C.1. 
Bradford Institute of Technology, Envelopes should be marked “ Confidential Ref. NP/454.” 

Bradford 7. 
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CLASSIFIED ADVERTISEMENTS 


Professional Appointments 








UNITED KINGDOM ATOMIC ENERGY AUTHORITY 
Wantage Research Latoratory, Wantage, Berks. 


requires 


SCIENTISTS 


for the following research appointments: 


1. SENIOR SCIENTIFIC OFFICER OR SCIENTIFIC OFFICER (Ref. /83! 202) 


to be responsible for developing microcalorimetric and other 
methods of absolute measurement of radioactivity and of 
radiation fluxes, and to supervise a section engaged in the 
issue of radioactive standards. Experience of calorimetry and in 
handling radioactive materials desirable. 


2. SENIOR SCIENTIFIC OFFICER (Ref. /83/ A/202) 


to investigate the physical effects of gamma radiation and to 
make associated measurements and calculations. Experience of 
gamma radiation scattering and dosimetry desirable. 


3. SENIOR SCIENTIFIC OFFICER OR SCIENTIFIC OFFICER (Ref. 1838 202) 


to take charge of a small section working on the application of 
radioactive isotopes to mechanical wear problems. Work in- 
cludes practical and fundamental investigations. Significant 
experience in this work or in metal physics would be an advantage. 


Applicants for all posts should have a first or good second class honours degree 


Starting Salary in the following ranges according to age and experience: 
Scientific Officer €755—£1,250 per annum 
Senior Scientific Officer £1,365—£1,675 per annum 
Housing and superannuation schemes. 


Send Post Card for details to the Personnel Manager (quoting appropriate Ref. No. A.E.R.E. 
Harwell, Didcot, Berks. 











ROLLS-ROYCE AND 
ASSOCIATES LIMITED 


FOR THE DESIGN 

OF NUCLEAR PROPULSION 
MACHINERY FOR 
HM SUBMARINES 


An honours graduate in en- 
gineering, physics or mathe- 
matics to lead a section in the 
analysis of the dynamic behavi- 
our of PWR power plants under 
normal and accident conditions. 

A minimum of two years’ 
experience of reactor kinetics 
and associated studies is required. 

A suitable salary and condi- 
tions of service will be negotiated. 


Apply in the first instance to 


ADMINISTRATION 
MANAGER, 
ROLLS-ROYCE AND 
ASSOCIATES LIMITED, 
P.O. BOX 31, DERBY 





at 
he 4 
ot 
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DENSE SPECIALISED AGGREGATES READY MIXED 220-300 per cube foot 
DENSE CONCRETE MIXTURES READY MIXED ADD WATER ONLY 
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AT YOUR 
SERVICE 


when you need 


an expert 








R. TOUR J. PARK LTD 
Dominion Works, Chiswick 


England 
* 
Export packers, shippers and for- 
wal ‘di 1g agents. Specialists in 


p ackin heavy machiner 
g y 














C. W. GARRETT & SON LTD., 


or 
ALL DRAWING OFFICE SERVICES, 
PROCESSES, MATERIALS AND 
EQUIPMENT 


* 
WINDMILL ROAD, BRENTFORD 
MIDDLESEX 


Ielephone : ISLeworth 4433 (4 lines) 

















ALUMINIUM DESIGN 
and fabrication service available 
for all types welded and other light 
alloy structures and components 

ALPHAMIN LTD. 
4 Dunston Street, Kingsland Road, 
London, E.8. —_‘Tel.: CL Issold 4161 








Higher Tensile Steel Chain Slings and 
special Lifting — of every 
description D.G.I. approved 
TOM SMITH & CLARKE LTD., 
Chain Manufacturers, 

Port Tennant, Swansea 


Telephone No. 53106 (4 lines) 








A. W. ELLIOTT (Steeplejacks) 


& Co. Ltd. 
34 Nuthall Road, Nottingham 
Nottingham 77195 


Lightning Conductor Specialists 
Chimney Maintenance, Church Restoration, 
Industrial Painting, Decorating. 














PRACTITIONERS IN THE ART OF 
SCALE MODELS AND PATTERNS 
All types of scale models. 
Quality — Delivery — Service 
Contractors > the U.K.A.E.A. 


MASTERMODELS LTD. 
Greenhill Crescent, Harrow, Middx. 
Telephone: HARrow 2428 
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MAY WE HELP YOU ? 
THE BALFOUR GROUP OF 
COMPANIES 


Acronautical, Nuclear, Electronic 
and General Engineers, 
Special purpose machines and con- 
trols, gauge, tool and _ pattern 
manufacturers 
OFFER A COMPLETE SERVICE 
Design, Drawing, Planning, Devel- 
opment, Machining up to 60 in. 
diameter in Stainless Monel, 
Nimonic, High Tensile Steel, Alu- 

minium etc. 
Welded Fabrications from 1 in, to 
40 ft long. 


Die Sinking, Spraying, General 
Finishes, Heat Treatment, and 
Assembly. 


PROTOTYPE & PRODUCTION 
REQUIREMENTS 
For prompt attention write, 
or Telex 
BALFOUR (MARINE) 
ENGINEERING CO. LTD. 
290/296 High Road, Ilford, Essex 


phone 





PROTOTYPES 
Design and construction 
of 
Special Machinery 


RESEARGH 
ENGINEERS LTD. 


Northampton Grove, Canonbury, 
London, N.1 
CANonbury 4244 
Telegraphic Address :— 
Wilmaket, London, N.1 








ILFORD 6111 
7 lines (PBAX) 


(A.L.D.), D.G.I., A.R.B., 


Fully og 07 Ministry of Supply 
I.E.M.E. 


On Official Manufacturing Lists and 
Approved Tenderers to——U.K.A.E.A, 


TELEX 
22303 








Steel Fabrications and 
Assemblies. 

Steel 

Units. 


TIDeway 1451 


Moulds for Pre-cast Concrete 


Shearing and Rolling Cap. 
J. & A. DANDRIDGE LTD., 
7 Creekside, London, 


Welded 


8 ft x } in. 
S.E.8. 








Fabrications 


relephone: 





GILSTON ENGINEERING CO. 
Specialists in all applications of 
STAINLESS STEEL 

Press Tools 

Precision and Production 
Lea Road, Waltham Abbey, 
Waltham Cross 23871 


Engineers 
Essex 











FOR ALL METAL FINISHES 


Electro Plating in Rhodium, 
Cadmium, Chromium, Nickel, 


Gold, Silver, 
Copper, Tin, 


Zinc, Lead, etc, Enamelling, Lacquering, 
Shot-Blasting, etc, 
A.1.D., A.R.B., D.LA.R.M, Approved. 


HARRIS PLATING WORKS LTD. 


18 New Wharf Road, 
London, N.1. 


TERminus 7263 


(5 lines) 








TECHNICAL TRANSLATIONS by a 
team of graduate experts, covering many 
technical fields and languages. P. Sucho- 


dolski, 
MEAdway 2239. 


F.I.L(Eng.), 70 
Gardens, London, N.W.2., 


Greenfield 
Telzphone: 





PLUGS AND 


SOCKETS 


More than 1,000,000 in 

stock, covering over 50 

different ranges, British 
and American 


Sd 
Stock list on application to: 


SASCO 
Nutfield, Redhill, Surrey 
Telephone: Redhill 5050 











ASH & LACY LTD. 
PERFORATORS OF 
Steel, Aluminium, Copper, Brass, 
Tinplate, Stainless Steel, and many other 
materials in all gauges for all industrial 
purposes. 
Meriden Street, 
Birmingham, 5. 


Zinc, 


Birmingham: 
MIDland 6371 











NON-DESTRUCTIVE TESTING 
LABORATORIES 


Vacuum, X-ray, Gamma-ray and ether 
forms of Non-destructive Testing 


Our new building, specially designed 
and considerably enlarged (same 
address and telephone number), will 
offer the finest independent testing 
facilities in the country. 
INDUSTRIAL RADIOGRAPHY 
(N.D.T.) Ltd. 
360 Cricket Inn Road, Sheffield 2 


Telephone: SHEFFIELD 26630 





FOR SERIES RATES — RING MUSEUM 8252 
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Specialists in the manufacture of — 


Let us quote for your requirements. 





*phone 1522/23. 








STAINLESS STEEL 


% FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
% PROFILES CUT FROM PLATE TO ANY THICKNESS OR SIZE 


From approved grades of stainless steel 


KEEN PRICES—PROMPT DELIVERIES 


STAINLESS STEEL PROFILE CUTTERS LTD. 
Dept. N.P. Farfac Works, King’s Grove, MAIDENHEAD, Berkshire 





FLANGES 











ADVERTISERS IN 


THIS 


ISSUE 








Accles and Pollock Ltd 39 Flight Refuelling Ltd 9 Newalls Insulation Co. Ltd 31 
Aerox Ltd 120 Fonderie de Gentilly 122 N.G.N, Electrical Ltd 110 
Armstrong Whitworth Aircraft Led, Sir W. G. 15 Foster Wheeler Ltd 123 Northey Rotary Compressors Ltd 109 
oo Lead Manufacturers Ltd o on 47 Oxley and Co, Ltd, William 41 
v 
General Electric Co, Ltd, The 111, 132 . : ° 
Grosvenor and Co, Ltd, Richard 130 Palatine (Surbiton) Ltd 10 
Berry and Co. Ltd, Henry 108 Pascall Engineering Co, Ltd, The 126 
Black Ausometic Conwels Ltd 16 Harlow Printing Works (Northern) Ltd 124 Plessey Nucleonics Ltd 43 
Bolton Gate Co. Ltd 106 Harvey & Co. (London) Ltd, G, A. 46 Powell Duffryn Carbon Products Ltd 33 
Booth Aluminium Ltd, James 46 Head Wrightson Processes Ltd 44 Pye Ltd 40 
Boving and Co. Ltd 8 Henderson & Keay Ltd 117 - 
British Acheson Electrodes Ltd 30 High Voltage Engineering Corporation 97 Q.V.F. Ltd 4 
British LaBour Pump Co. Ltd 26 Hilger and Watts Ltd —' Rawlplug Co. Ltd, The 19 
British Rototherm Co. Ltd, The 125 Hoffmann Manufacturing Co. Ltd, The Research and Control Instruments Ltd 5 
Brown Corp, (Sales) Ltd, The David 22 Imhof Ltd, Alfred 14 Rio Tinto Management Services (U.K.) Ltd 20, 21 
Imperial Chemical Industries Ltd 103 ie ny and Ferguson Ltd A 
Carlisle and Co, Ltd, C. G. 114 Industries Atomiques 121 ollason Aerocessories Ltd 2 
Contes tit Caer 119 Rotameter Manufacturing Co. Ltd 107 
i K.D.G. Instruments Ltd 119 
+ a uaa Generating Board, The R eth Gieitenes tel 29 Sheepbridge Alloy Castings Ltd 124 
Consolidated Pneumatic Tool Co. Ltd 52 Kirk and Co, (Tubes) Ltd 108 eee eee oe = 
C ng tal , Rien 106 120 Solartron Laboratory Instruments Ltd 48 
rossiey Brothers Ltd 4s Stainless Steel Profile Cutters Ltd 130 
Labgear Ltd 115 Stainless Steel Wire Co. Ltd 113 
Datum Metal Products Ltd 126 Lancaster & Tonge Ltd iW Stanton Ironworks Co. Ltd, The 131 
de Havilland Aircraft Co. Ltd, The 7 Lang Pneumatic Ltd 32 Stillite Products Ltd a 
Donkin Co. Ltd, The Bryan 106 Sulzer Bros (London) Led 3 
Dynatron Radio Ltd 123 Magnesium Elektron Ltd 33 
" arenes Sisetelor ied 25 Teddington Aircraft Controls Ltd 2 
End (Fil Led 125 Metal and Pipeline Endurance Ltd 112 Thermal Syndi-cte Ltd, The 116 
ndecotts ilters) Le : 
; Morgan Crucible Co. Ltd, The 18 United Coke and Chemicals Co. Ltd 125 
= Seen. Sonny and Nuclear 113 Mountford (Birmingham) Ltd, Frederick 118 g 
Enthoven and Sons Ltd, H. J} 24 Mullard Led 36, 37 Vandyke Engineering Ltd WW 
. , Mullard Ltd (X-Ray Div.) 105 Vokes Ltd 17 
Murex Ltd 114 
Fairey Engineering Ltd 34 Weston and Co. Ltd, Charles 38 
Fielden Electronics Ltd 122 Nash & Thompson Ltd 50 Westover Nuclear Equipment Co, Ltd 110 
Flexibox Ltd 23 New Welbeck Ltd 124 Widnes Foundry and Engineering Co. Ltd 101 
D. A. E. P. 


DOUBLE ACTING ENCLOSED WORM DRIVE PUMP 


Suitable for:—Boiler Feed, Seawater, Fuel oil and viscous fluids up to 3,500 sec. Redwood I. 


EFFICIENCY High Duty/Power Ratio 
1700 G.P.H./200 P.S.1. _ 7% HP. 
57 G.P.H./150 PSI. — } H.P. 
ECONOMY _ Low current — requiring simple, inexpen- 
sive switchgear. 
SEPARATE individual gear box and pumping unit are Supplied to: 


UNITS bolted together. IRON, GUNMETAL or 
STAINLESS STEEL Pumps do not need the 
gear box in these expensive metals. 


Write for details te the manufacturers: 


RICHARD GROSVENOR & CO. LTD. 


climatic conditions 


COCHRAN & CO. (ANNAN) LTD. 
DAVEY PAXMAN & CO. LTD. 
SPANNER BOILERS LTD., Etc. 


TROUBLE-FREE 


LONG LIFE 7 a 
WORM DRIVE at 
Suitable for all 





53-54 VICTORIA ROAD, SURBITON, SURREY 
Telephone : Elmbridge 7700-1 
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STANTON 
| Rs PIPES ARE USED IN 
% NUCLEAR AND CONVENTIONAL 
* POWER STATIONS AND IN OIL 
ss REFINERIES THROUGHOUT THE WORLD 
: SPUN IRON PIPES 
S for water, gas or sewage 
S SPUN CONCRETE PIPES 
5 for circulating water & drainage 
| = including 
BS THICK WALL CONCRETE PIPES 
B PRESTRESSED CONCRETE PRESSURE PIPES 
for water services 
FLANGED SPUN IRON PIPES 





: for oil handling 
os THICK WALL SPUN IRON PIPES 


for ash & dust disposal mains 
THE LARGEST CAST IRON & CONCRETE PIPE MANUFACTURERS IN GREAT BRITAIN 


THE STANTON IRONWORKS COMPANY LIMITED NEAR NOTTINGHAM ENGLAND 
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on both sides of the 


ATOMIC ENERGY GROUP 


Seventy miles from Tokyo, at Tokai-Mura, The General Electric — Limited 
of England and Simon-Carves Limited are building Japan’s first full-scale 
earthquake-proof nuclear power station. When completed in 1965, this will 


















represent a triumph for nuclear engineering. On the opposite side of the world, 
at Hunterston, G.E.C. and Simon-Carves are building one of the world's largest 
nuclear power stations to provide power for the South of Scotland Electricity Board. 
The combination of G.E.C. and Simon-Carves Limited makes available prodigious 


resources for atomic power development. As one of the largest electrical and 





mechanical engineering Companies in the world, G.E.C. itself employs over 70,000 
people. Simon-Carves Limited is one of the leading British specialists in large 
steam-raising plant, coal cleaning and carbonising plant, and in chemical and 
civil engineering. The Group is able to design, build and install nuclear power 


stations anywhere in the word, to suit local conditions. 





HEADQUARTERS: THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND ERITH KENT 





